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HE well known influence of the testes on the growth of the normal 
prostate led Huggins and Hodges in 1941 (1) to study the effect of 
orchidectomy and the administration of estrogens on patients with 
metastatic carcinoma of the prostate. Although these measures produced 
a regression of the disease in the majority of cases, it was soon discovered 
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that in most instances the improvement was only temporary in nature. 

Failure to remove all androgen-producing tissue appeared to be one 
possible explanation for the eventual failure of orchidectomy to control 
the cancer. That the normal adrenal cortex may be an extra-testicular 
source of androgens has been indicated by an accumulating volume of 
evidence, which has been reviewed by Parkes (2), Dorfman (3) and Bur- 
rows (4). The most unequivocal findings are based on the urinary excretion 
of steroids by man. Androgenic steroids are found in the urine of orchi- 
dectomized men and of ovariectomized women; they are diminished in 
Addison’s disease; and dehydroepiandrosterone, a normally occurring 
urinary androgen, is excreted in increased amounts by patients with ad- 
renocortical tumors and probably also by normal subjects during the 
administration of ACTH preparations (5). Reichstein (6) isolated andro- 
gens from bovine adrenal extracts, and Gassner et al. (7) isolated an andro- 
genic fraction from the lipid extract of cow adrenal vein blood after injec- 
tion of ACTH. 

With such evidence in mind, Huggins and Scott in 1945 performed 
complete adrenalectomy in 4 patients with cancer of the prostate who had 
improved only temporarily following castration (8). The great difficulties 
encountered in the postoperative management of patients at that time, 
however, appeared to preclude bilateral complete adrenalectomy as a 
feasible means of treatment. The availability of cortisone and hydrocorti- 
sone has now made reconsideration of this procedure possible. 

Complete replacement therapy for adrenal insufficiency requires the 
daily administration of cortisone or other 11-oxysteroids (9). If adrenalec- 
tomy is undertaken in patients with metastatic carcinoma of the prostate, 
the possibility must be considered that certain 11-oxysteroids or their 
breakdown products may possess appreciable androgenic activity. In- 
creased urinary excretion of 17-ketosteroids has been demonstrated fol- 
lowing the administration of cortisone to patients with adrenal insuf- 
ficiency (10). In normal men the excretion of 17-ketosteroids parallels the 
urinary level of biologically active androgens (11). Since not all 17-keto- 
steroids possess androgenic activity, however, and in certain patients 
(those with liver disease, for example) a considerable amount of urinary 
17-ketosteroid excretion may persist in the face of the virtual absence of 
androgens (11), it seemed important to investigate the urinary androgen 
excretion during administration of 11l-oxysteroids to adrenalectomized 
patients. In the present study the effect of various doses of cortisone, 
hydrocortisone and corticosterone on urinary excretion of 17-ketosteroids 
and biologic androgen activity was examined in 3 patients who had under- 
gone orchidectomy and bilateral adrenalectomy for carcinoma of the 
prostate. (Preliminary reports have been presented (12, 13, 14).) 
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MATERIALS AND METHODS 
The Patients 


N. McC. (P.B.B.H. No. 5B723) was 59 years old at the time of study. Orchidectomy 
had been performed twenty months previously, when a prostatic biopsy showed the 
presence of carcinoma. Estrogen treatment was started at that time. Eighteen months 
later symptoms of urinary obstruction recurred; there was evidence of local extension 
of cancer on rectal examination. Bilateral adrenalectomy was performed in one stage 
on May 18, 1951. Six months later a right nephrectomy was necessary because of 
persisting ureteral obstruction and pyonephrosis. 

Aside from this, he has been well and has resumed normal activity; the pelvic mass has 
decreased markedly in size. There has been no evidence at any time of the presence of 
distant metastases. 

M. T. (P.B.B.H. No. 9B697) was 51 years old at the time of the study. Symptoms 
consistent with carcinoma of the prostate had appeared two years previously; the diag- 
nosis was confirmed, with the demonstration of bony metastases, one year before the 
period of study. Orchidectomy and perineal prostatectomy were performed at that time 
and he was started on estrogen therapy. Because of recurrent bone pain, a bilateral 
adrenalectomy was performed in one stage on November 26, 1951. Although there was 
a temporary improvement following operation, the patient’s condition gradually became 
worse and he died seven months after adrenalectomy. At autopsy there was extensive 
metastatic cancer; no adrenal or testicular tissue was found. 

W.S. (P.B.B.H. No. 34824) was 76 years old at the time of study. A clinical diagnosis 
of carcinoma of the prostate had been made four years before, and estrogen therapy was 
begun. Orchidectomy was performed one year later. When pain from bony metastases 
recurred, bilateral adrenalectomy was carried out on January 3, 1952. There was relief 
of bone pain for six months, but afterwards the patient’s condition rapidly deteriorated 
and he died nine months after adrenalectomy. At autopsy there was extensive metastatic 
cancer; no adrenal or testicular tissue was found. 

Following adrenalectomy the patients received intramuscular injections of desoxy- 
corticosterone acetate (DCA), 2 to 5 mg. daily, or an equivalent amount of a long-acting 
preparation, desoxycorticosterone trimethyl acetate. In addition, various amounts of 
several different cortical steroids were given by mouth, as indicated in Table 1. The 
patients also received ethinyl estradiol (0.1 mg.) by mouth daily throughout the period 
of observation. 


Methods of assay 


All specimens of urine were preserved by freezing prior to determination of 17- 
ketosteroids and androgenic activity. The 17-ketosteroid content was determined! by a 
modification of the method of Holtorff and Koch (15); this has been described previously 
(16). Androgen assays were performed? by a modification of the chick-comb method of 
Rakoff, Paschkis and Cantarow (17). 

Aliquots of urine, usually representing one fourth to one third of a 24-hour specimen, 


1 We are indebted to Miss Nancy Grimes and Miss Jean Salisbury of the Metabolism 
Laboratory, Peter Bent Brigham Hospital, for these determinations. 

2 We wish to express our appreciation to Miss Evelyn France, Mr. Edward Miley, 
Mr. Leston B. Nay, Jr., and Mrs. Lorelei Waite Parker of the Biological Research 
Laboratories, Harvard School of Dental Medicine, for assistance with the androgen 
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TABLE 1. URINARY EXCRETION OF 17-KETOSTEROIDS AND ANDROGENS BY MALE PATIENTS 
SUBJECTED TO ORCHIDECTOMY, ADRENALECTOMY, AND TREATMENT 
WITH ADRENOCORTICAL STEROIDS 


Androgens (1.u./24 hrs.) 


Days elapsed 17-KS 


Therapy* at indicated (mg./24 hrs.)) Assayed |Confidence limits 
dosage level potency at P=0.33 


Patient M.T. 


None ; 4.1 
Adrenalectomy 


bo 

_ 
bo 
for) 


E ac., 50 mg. 
E ac., 37.5 mg. 
E ac., 25 mg. 
E ac., 25 mg. 
Nonet 

Nonet 

E ac., 100 mg. 
E ac., 100 mg. 
F ac., 300 mg. 
F ac., 300 mg. 
B, 300 mg. 

B, 300 mg. 

E ac., 50 mg. 
E ac., 300 mg. 
E ac., 300 mg. 


o 
_ 
© 


_ 


wo 


w 


None 


Adrenalectomy 
E ac., 50 mg. 0.85-1.6 
E ac., 12.5 mg. 
None§ 0.5-1.0 
E ac., 100 mg. 1.0-1.8 
E ac., 100 mg. : 1.2-2.3 
B, 100 mg. 0.3-0.7 


* Abbreviations: E ac. =cortisone acetate; F ac. =hydrocortisone acetate; B =corti- 
costerone. The substances listed were administered by mouth. In addition, ethinyl 
estradiol, 0.1 mg., was taken daily by mouth throughout the observation period. After 
adrenalectomy, either 5 mg. of desoxycorticosterone acetate (DCA) or an equivalent to 
dose of trimethyl DCA was given by intramuscular injection, except when specifically 
indicated otherwise. 

+ 1.u. = International unit. One international unit of androgenic activity is equivalent 
to 0.100 mg. of androsterone (international standard). 

t DCA continued. 

§ DCA omitted. 


| 
1951 
3g Nov. 15 3.8 2.9-5.1 
Nov. 26 
1952 
= Jan. 13 
18 
19 
25 
27 .7-1.3 
30 .0-3.4 
Feb. 1 .5-4.3 
Mar. 17 | .1-9.2 
a 19 | .0-24.0 
27 | .0-5.0 
Apr. 5 .45-1.5 
zat 8 .7-4.8 
10 .4-7.2 
Patient 
1951 
1952 
Jan. 3 
14 
31 
1 
6 
11 
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separate from those used for the 17-ketosteroid determinations, were hydrolyzed by 
refluxing with one-tenth volume of concentrated HCl for ten minutes. The recom- 
aendation of Peterson et al. (18) that maximum yield of androgens is obtained by hydrol- 
‘sis under relatively mild conditions was thus followed. The cooled hydrolyzed urine 
‘vas extracted three times with ether, and the pooled ether extracts were separated into 
cidic, phenolic, and crude neutral fractions by the classic procedure. An aliquot of the 
rude neutral fraction was dissolved in a definite small volume of ethanol (0.5-1.0 ml.) 
ind diluted with ethyl ether at 0°C. (to prevent evaporation) to the desired volume, usu- 
lly 7.0 to 10.0 ml., such that the ethanol concentration was about 5 to 10 per cent. 
These stock assay solutions were stored at refrigerator temperature in a desiccator 
‘without desiccant) in order to prevent evaporation. Only the required amount of each 
solution was withdrawn from the stock vial each day for the comb applications— 
).05 ml. for each chick, and approximately 10 chicks to a group. 

Each assay included a control group of chicks to which ether-alecohol was admini- 
stered, and 3 groups which received androsterone standard solution, either total doses of 
{.25, 5, and 20 wg. or daily doses of 0.1, 0.4, and 1.6 wg., respectively. The chicks were 
fasted after the seventh day of comb application, and on the eighth day they were killed, 
veighed, and the combs removed and weighed. The comb weight/body weight ratios 
vere calculated and the log dosage-response curve constructed. Statistical analysis re- 
vealed heteroscedasticity (19), but this was overcome by conversion of the comb 
veight/body weight ratios to logarithms, resulting in a log dosage-log response curve. 
Jut of a total of approximately 600 assay chicks, 3 ‘wild’ values were eliminated, fol- 
owing the principle that such a value may properly be omitted if by so doing the error 
variance is lessened significantly at the P=0.001 level of probability. The chick comb 
weight bioassay method is not a very precise one. In the 6 assays of this series, the 
index of precision (A) ranged from 0.292 to 0.561 (median 0.333); however, by using ade- 
quate numbers of chicks even this mediocre index of precision permitted standard errors 
of estimate within plus or minus 30 per cent in most instances. 

The urinary excretion of androgens by normal young adult men has been reported 
to vary rather widely between 20 and 120 1.v. per day (equivalent to 2-12 mg. of andro- 
sterone) (3). Our own experience (11), using the bioassay procedure just described, is 
essentially in conformity with these earlier reports. The limited information available 
indicates that older men excrete a considerably smaller amount, usually not over 20 1.v. 
daily, the lower limit for the young adult male. A still smaller mean daily excretion of 
about 10 1.u. has been found for castrated men (8). 


RESULTS 


Urine extracts from the first patient, N. McC., following adrenalectomy, 
during treatment with 100 mg. of cortisone or hydrocortisone daily by 
mouth, and during a period of no treatment, were tested for androgen 
content by biologic assay. Unfortunately, the aliquots administered to the 
test animals were too small for strictly quantitative results and are not 
tabulated here. Nevertheless, it was clear that the level of androgen excre- 
tion was far below that of the average normal man, and that extracts of 
urine collected during treatment with cortisone and hydrocortisone pro- 
duced consistently higher results than did the controls (12). 

Larger adequate quantities of extract were used in the biologic assays 
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of urine from the other 2 patients, M. T., and W. 8., and reliable values 
for androgen excretion were obtained, as shown in Table 1. 

The levels of androgen excretion of both patients were already very 
low, possibly a concomitant of age and general debility. Nevertheless, sub- 
sequent to adrenalectomy, the excretion of androgens fell even further 
during periods of ‘“‘no treatment”’ or maintenance dosage of cortisone. The 
definite although low excretion of androgens as long as five days after dis- 
continuation of oral cortisone therapy suggests that some tissues other 
than adrenals and testes may produce androgens or precursors of andro- 
gens, albeit in physiologically insignificant quantities. 

Daily doses of 25 or 50 mg. of cortisone resulted in no significant in- 
crease in androgen excretion above that observed during the periods of no 
treatment. Increasing the cortisone dosage to 100 mg. daily was accom- 
panied by a demonstrable increase in androgen output, but it was still 
short of the low pre-adrenalectomy level. Only when the dosage of cortisone 
was raised to 300 mg. per day, about tenfold the necessary maintenance 
dose, was there a suggestion of a substantial increase in androgen excretion 
to a level greater than the output before adrenalectomy. In Figure 1, mean 
androgen excretion has been plotted against the logarithm of the dosage of 
cortisone; the result is a typical log-dosage response curve. 
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Fic. 1. Urinary excretion of androgens by 2 orchidectomized patients before adren- 
alectomy and after adrenalectomy, with increasing doses of cortisone acetate orally. 
Each point represents the weighted mean of two to four urine samples from the 2 pati- 
ents. The vertical bars indicate the confidence limits of the weighted means at the stand- 
ard error level of probability (P =0.33). The statistical calculations have been described 
by Bliss (20). 
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Fig. 2. Urinary excretion of 17-ketosteroids by 2 orchidectomized patients before 
idrenalectomy and after adrenalectomy, with increasing doses of cortisone acetate 
rally. Each point represents the mean of two to four urine samples from the 2 patients. 


The pattern of the 17-ketosteroid response of these patients to cortisone 
‘Fig. 2), although similar to that of the androgens, shows several important 
lifferences. The low level before adrenalectomy fell still lower after 
adrenalectomy during periods when no cortisone was administered, but 
the small dose of 25 mg. of cortisone was sufficient to increase the 17- 
ketosteroids almost to the preoperative level, and at 300 mg. a day the 
values averaged 22.4 mg. This is in distinct contrast to the effects on andro- 
gen excretion, as shown graphically in Figure 3. For this chart a double 
scale was chosen such that the horizontal broken line indicates the pre- 
operative level of excretion for both 17-ketosteroids and androgens. 

In contrast to cortisone, a high dosage of hydrocortisone, 300 mg. per 
day, resulted in androgen values approaching the low normal level for 
male subjects (Table 1). It does not necessarily follow from this finding 
that a lower dose of hydrocortisone, adequate for maintenance, would be 
accompanied by androgen production to any significant degree. 

Excretion of 17-ketosteroids was increased markedly during admini- 
stration of the larger doses of hydrocortisone as well as of cortisone. 
Relative to urinary steroid excretion in the normal subject the change was 
much more striking than the increase in androgens. When a dose of 300 
mg. of hydrocortisone was given daily, for example, 17-ketosteroid excre- 
tion reached a value at least twice the normal for healthy men, whereas 
androgen assay on the same specimen yielded a result which barely ap- 
proached the lower end of the normal range. Corticosterone at the 300-mg. 
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I7-KETOSTEROIDS AND ANDROGENS DURING CORTISONE ADMINISTRATION 
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Fig. 3. Mean urinary excretion of 17-ketosteroids and androgens by 2 adrenalecto- 
mized, orchidectomized patients, with increasing doses of cortisone acetate orally, in re- 
lation to the levels before adrenalectomy (but after orchidectomy). 


daily dosage level produced very little urinary androgen and only moderate 
amounts of 17-ketosteroids. As shown in Figure 4, the steroids tested may 
be arranged tentatively in descending order of potency as precursors of 
androgens and 17-ketosteroids—hydrocortisone, cortisone, and cortico- 
sterone. 

The possibility that the androgens found in urine extracts from castrated 
adrenalectomized men treated with cortical steroids are artifacts rather 
than metabolites has not been overlooked. In preliminary experiments, 
hydrocortisone was added to pooled urine of low androgen content or to 
water, and then subjected to the usual treatment, including boiling with 
acid. No detectable increase in androgen was found when 0.83 mg. of hy- 
drocortisone was added per 100 ml. of urine. When 10 mg. of hydrocortisone 
was added per 100 ml. of urine (or water) there was a significant in- 
crease of approximately 0.02 1. uv. per mg. of hydrocortisone. Although 
these findings constitute an interesting phenomenon, the order of magni- 
tude of the artifactitious androgen which they reveal is too small to account 
for the amount of androgen found in urine extracts from patients treated 
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URINARY ANDROGENS AND 17-KETOSTEROIDS 


DURING STEROID ADMINISTRATION 


MT. CA PROSTATE 
ORCHIEGTOMY 
BILATERAL 
ADRENALECTOMY 
INCREASE 
ANDROGENS 
Lu, /24 HR. 


E B 


ACETATE FREE 
300 300 MG /ee 


Fia. 4. Increases in urinary excretion of androgens and of 17-ketosteroids (above the 
levels observed during periods of no treatment) produced by daily oral doses of 300 mg. 
of hydrocortisone acetate, of cortisone acetate, and of corticosterone in the adrenalec- 
tomized orchidectomized patient, M. T. 


with large doses of hydrocortisone. Nevertheless, similar experiments 
with other known metabolites of the cortical steroids, particularly the tet- 
rahydro derivatives of cortisone and hydrocortisone, are indicated. 


DISCUSSION | 


If metabolites of the glycogenic cortical hormones were solely responsible 
for the androgenic activity of the adrenal cortex then one would have 
expected a considerable urinary excretion of androgens in the urine of the 
castrated adrenalectomized patients during maintenance doses of cortisone 
and hydrocortisone. On the contrary, even massive doses caused only 
small quantities of androgenic material to be excreted. These findings, 
therefore, add support to the hypothesis that the adrenal cortex normally 
produces as yet unidentified steroids, which are themselves androgenic or 
are precursors of androgens. An alternative explanation, that the metab- 
olism of adrenal steroids was abnormal in these patients, seems less likely. 

Information, as yet surprisingly meager, concerning the effect of ACTH 
on androgen excretion by subjects with intact adrenals would be of in- 
terest in this connection. It is known that ACTH administration in man 
leads to an increased urinary excretion of 17-ketosteroids, both with and 
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without an oxygen atom at C-11; the former consists largely of 11 (8)- 
hydroxyandrosterone, 11(8)-hydroxyetiocholanolone and 11-ketoetiocho- 
lanolone, the latter largely of androsterone and etiocholanolone. Only the 
11-oxygenated 17-ketosteroids are known to be increased after administra- 
tion of cortisone or hydrocortisone (21-25). Of these compounds, two, 
11(8)-hydroxyetiocholanolone and 11-ketoetiocholanolone would not be 
expected to be, nor have they been reported to be androgenic, and a third, 
11(8)-hydroxyandrosterone, possesses one third of the androgenic activity 


of androsterone (3). 


Recently, in preliminary studies (14), a consistent increase in the 
urinary excretion of androgens by orchidectomized patients has been 
demonstrated following intravenous infusions of ACTH and intramuscular 
injections of ACTH in gelatin. The magnitude of the increase appears to 
be in excess of that to be expected from metabolic transformations of corti- 
sone or hydrocortisone such as found in the same patients after adrenalec- 
tomy during administration of large doses of cortical steroids. If these 
preliminary findings are confirmed in the more extensive investigation 
now in progress, a separate category of cortical steroids, the ‘‘adrenal 
androgens,”’ long hypothecated but as yet poorly elucidated, would be 
strongly implicated. 

The contribution of dehydroepiandrosterone, the ubiquitous weakly 
androgenic urinary steroid exclusively of adrenal origin, to the increased 
androgen titer during ACTH administration is easily missed because of its 
destruction or transformation to nonandrogenic steroids by hot acid 
hydrolysis of urine (26). It is worthy of note, however, and of further 
investigation, that the steroids which are excreted in increased amounts 
after administration of dehydroepiandrosterone, namely, androsterone 
and etiocholanolone (27, 28), are also increased after ACTH (21, 22, 24, 
25). It is therefore suggested, as an extension of the hypothesis of Mason 
and Kepler (28), that dehydroepiandrosterone may be the immediate pre- 
cursor of that portion of the urinary androsterone which is of adrenal origin 
and may thus be indirectly responsible for the increased androgen content 
of the urine during ACTH administration. (Adrenosterone has recently 
been shown not to be a precursor of androsterone (29).) The failure of 
large amounts of cortisone or hydrocortisone, whether of exogenous or 
endogenous origin, to cause a more striking increase in the output of 
urinary androgens may in part be because of the preferential conversion 
of the glycogenic corticoids to the nonandrogenic series of 17-ketosteroids 
(30) and in part because the androgenic 17-ketosteroids which are formed 
are weaker androgens than androsterone. 

The identity as well as the origin of the androgenic material which per- 
sists in the urine during extended periods (three to five days) without any 
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treatment except DCA and estrogen, remains a mystery. Following the 
initiation of orally administered cortisone treatment the 17-ketosteroid 
excretion returns to previous levels within twenty-four to forty-eight 
hours. Therefore, it would seem unlikely that the previously administered 
cortisone could explain the urinary androgen activity which persists five 
days after withdrawal. The possibility that the daily dose of 5 mg. of DCA 
might be converted to significant amounts of androgen also is unlikely 
(31, 32, 26). 

It is by no means certain that the rate of urinary androgen excretion by 
the orchidectomized patients prior to adrenalectomy indicates a level of 
circulating androgen sufficient to stimulate progress of the prostatic car- 
cinomatous process. Nevertheless, the low androgen output prior to the 
operation was reduced still further postoperatively, coincident with the 
regularly observed subjective improvement. It appears to be certain that 
cortisone can be given in an adequate maintenance dose without producing 
a significant amount of androgenic metabolites. In intact male patients 
moderate doses of cortisone produce a marked decrease in urinary 17-keto- 
steroids (23) and an even greater proportionate decline in dehydroepi- 
androsterone (more precisely, ketonic Pettenkofer chromogens) (33). It is 
possible that the desired decrease in circulating androgens of adrenal 
origin may be obtained in the patient with prostatic carcinoma without 
- adrenalectomy by administering cortisone or other adrenocortical steroids 
in doses which are sufficient to suppress adrenal function and yet which 
are low enough to be nonandrogenic either in themselves or by way of 
their metabolites. 


SUMMARY 


The urinary excretion of 17-ketosteroids and androgens by elderly ad- 
renalectomized, orchidectomized patients with prostatic cancer has been 
estimated during oral administration of cortisone, hydrocortisone, and 
corticosterone, and during periods of no therapy except small quantities 
of ethinyl estradiol and desoxycorticosterone acetate. 

The already low level of androgen excretion after orchidectomy but 
prior to adrenalectomy was still further reduced following adrenalectomy 
during periods of no therapy with glycocorticoids. At this time, however, 
a very small residual androgen excretion (about 1.0 international unit) of 
unknown origin remained. No significant increase in androgen excretion 
was observed following administration of from 25 to 50 mg. of cortisone 
daily. Cortisone in a dosage of 100 mg. daily increased the level of androgen 
excretion but not to that observed prior to adrenalectomy, although a 
relatively substantial rise in 17-ketosteroids occurred. Cortisone ad- 
ministered in a dosage of 300 mg. daily (six to twelve times the maintenance 
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requirement), was followed by a further rise in 17-ketosteroids, but the 
androgen excretion was still only slightly higher than that found before 
adrenalectomy. It is concluded that maintenance doses of cortisone may 
be administered to adrenalectomized, orchidectomized men without an 
appreciable increase in urinary androgen excretion. 

Daily doses of 300 mg. of hydrocortisone and corticosterone, respec- 
tively, were also administered. Corticosterone resulted in smaller increases 
in the excretion of 17-ketosteroids and of androgens than did cortisone; 
hydrocortisone, on the average, produced considerably more of both 17- 
ketosteroids and androgens than did cortisone. In one instance, the andro- 
gen excretion after five days of 300 mg. of hydrocortisone daily approached 
the lower limit of the normal range for young adult men. 

The bearing of these findings on the question of the hypothetical “ad- 
renal androgen” and the implications for therapy of prostatic cancer have 
been discussed. 
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DEPRESSION OF GONADOTROPIN EXCRETION AS 
A METHOD FOR ASSAY OF ESTROGENS IN 
HUMAN SUBJECTS* 


ICHIRO TOKUYAMA, M.D.+, ROBERT B. LEACH, M.D., SARAH 
SHEINFELD, M.T. anp WILLIAM 0. MADDOCK, M.D., Px.D. 
The Department of Medicine, Wayne University College of Medicine, and the 
Endocrine Clinic of the City of Detroit Receiving Hospital, Detroit, Michigan 


HE biologic potency of the various synthetic and “‘natural’’ estrogens 
varies from species to species (1); therefore, the clinical effectiveness 
of any estrogenic preparation can be determined only by direct testing in 
the human subject. Several clinical methods for assaying estrogens have 
been devised, utilizing the following criteria for comparing estrogenic 
activity: alleviation of menopausal symptoms, induction of ‘‘withdrawal 
bleeding,”’ stimulation of the endometrium, and cornification of the vaginal 
epithelium. Useful information has been obtained with these methods; 
each, however, has definite limitations. Alleviation of menopausal symp- 
toms is an unsatisfactory endpoint because of the variability and subjec- 
tive nature of the response. Methods which employ changes in the endo- 
-metrium as the criterion of estrogenic activity require rigid selection of 
patients, preferably castrated women having intact uteri (2). The vaginal 
smear technique is limited to patients having an atrophic vaginal mucosa. 
Bishop and his associates have discussed in more detail the shortcomings 
of each of these methods (3). The need remains for methods which are 
objective and accurate and can be performed in readily available subjects. 
Urinary gonadotropin levels are increased in postmenopausal and cas- 
trated women, but can be depressed if sufficient amounts of estrogen are 
administered. It is the purpose of this report to describe studies in which 
this gonadotropin-suppressing property has been utilized for comparing 
the potency of estrogens. 


METHOD OF STUDY 


The effects of estrogens on urinary gonadotropin excretion were studied in 21 women. 
Twelve had undergone bilateral ovariectomy, and 9 had a spontaneous menopausal syn- 
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drome. The age at the time of study and the type of menopause are listed for each patient 
in Table A (Appendix). Five representative synthetic and “natural” preparations were em- 
ployed!: diethylstilbestrol; conjugated estrogens, equine (Premarin); potassium estrone 
sulfate*; estradiol; and potassium estradiol sulfate.? Each preparation was administered 
orally once daily in tablet form. More than one estrogenic preparation was studied in 
most patients and usually more than one dosage of estrogen was administered. The 
usual procedure was to begin with the smaller dose and then change to the larger, but in 
several instances this procedure was reversed. A “rest period” without therapy was 
generally allowed before changing to a different estrogen, but occasionally treatment was 
changed without interruption. 

Before treatment, and at approximately one-month intervals during therapy, two 
to four 12-hour overnight urine specimens were collected for the assay of gonadotropins. 
The specimens were refrigerated at the end of each 12-hour collection period. The urine 
was concentrated by ultrafiltration and the concentrates were assayed in 25-day-old 
female Sprague-Dawley rats as previously described (4). Throughout this report, the 
amount of urinary concentrate administered to each rat is expressed in terms of the 
time-aliquot of urine. In most assays, an amount of concentrate equivalent to a 3-hour 
aliquot of urine or, in other words, one fourth of a 12-hour specimen was administered to 
each of 4 rats. In several instances, assays were also performed in which each rat re- 
ceived the concentrate equivalent to a 32-hour, 13-hour, 6-hour or 12-hour aliquot of 
urine. The amount of concentrate administered to each rat was dissolved in 6 ml. of 
water, and 1 ml. was administered twice daily subcutaneously for three days. Twenty- 
four hours after the last injection, the animals were killed and the uteri and ovaries 


weighed. 


Before discussing the results, certain features of the response of the 
assay rats to human pituitary gonadotropin should be pointed out. When 
minimal amounts of gonadotropin are administered in the manner out- 
lined, the initial response is enlargement of the uterus, which increases in 
weight from uninjected control levels of 30 mg., to a maximum of 100-150 
mg. Uterine weights greater than 60 mg. were taken as evidence of stimu- 
lation and are indicated by a plus sign in the tables; weights below 60 mg. 
are represented by a minus sign. When larger amounts of gonadotropin 
are administered, stepwise increases in ovarian weight are produced to a 
maximum of approximately 120 mg., as compared to the average unin- 
jected control weight of 10 mg. Whenever an appreciable increase in 
ovarian weight was produced, maximal uterine stimulation was invariably 
encountered. Thus, only in instances in which ovarian weight did not 
increase, was useful information obtained from uterine weights. For 
ovarian weight, the most sensitive part of the assay curve is in the range 
of 10 to 80 mg. In general terms, if sufficient gonadotropin is administered 
to the assay rats to produce ovaries weighing 20 mg., doubling the amount 


1 The estradiol, potassium estradiol sulfate and potassium estrone sulfate were gen- 
erously supplied by the Schering Corporation. Ayerst, McKenna & Harrison, Ltd. gen- 
erously supplied the conjugated estrogens, equine (Premarin). 

* The potassium sulfate was conjugated at the 3-hydroxy position. 
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of hormone will produce ovaries weighing about 40 mg., and doubling this 
dose will produce a further increase in ovarian weight to approximately 
80 mg. Several examples of these relationships, when both 3-hour and 12- 
hour aliquots of the same urine specimen were assayed, may be seen in 
Tables B through F of the Appendix. A detailed study of the dose- 
response relationships of rats receiving gonadotropins concentrated from 
the urine of normal and of hypogonadal individuals has been made by 
Laidlaw, Neal and Heller (5). 


RESULTS 


The effects of treatment on urinary gonadotropin excretion are listed 
for each patient in Tables B through F of the Appendix, and the changes 
produced by each estrogen are summarized in Table 1. To facilitate inter- 
pretation of the data, results are classified in two groups according to dura- 
tion of therapy, namely, less than forty days, and more than forty days. 
- Before treatment, urinary gonadotropin excretion was elevated in each 
patient to a level several times above that of a normal woman of repro- 


TABLE 1. EFFECTS OF ORAL ESTROGENS ON URINARY GONADOTROPIN 
EXCRETION OF CASTRATED AND POSTMENOPAUSAL WOMEN 


Before Treatment 20 to 40 Days of Treatment More than 40 Days of Treatment 


Urine | Uterine i Urine | Uterine i | Urine | Uterine 
extract | stimu- No. of extract | stimu- No. o | extract | stimu- 
(hrs.) | lation Patients} (hrs.) | lation patients) (hrs.) | lation 


3 
12 
3 
12 


3 
12 
3 
12 


+ 
+ +4+4++4+ 


12 


b+++ 


+ 


Potassium 
estradiol 
sulfate 


++ + +) 4444 


++ 


* Uninjected controls were included in each assay. The averages for 120 rats were 11.2 mg. for ovarian weight and 33.2 mg. for uterine 
weight. These figures apply to all the data in Tables B through F (Appendix). ; 


Estrogen Ovarian 
dose, | No. of n 
(mg.) | patients (mg.)* 
Diethylstil- | 0.5 5 3 73.1 4 49.6 
bestrol 40.2 3 + | 102.0 
1.0 7 3 20.5 3 ne 11.5 
3 12 74.0 3 + 18.5 ; 
2.0 6 3 ‘a 
3 12 12.3 4 | - 11.9 : 
5.0 1 3 82.1 : } 
1 12. 113.3 1 12 ~- 10.4 
Conjugated | 1.25} 7 | 3 75.6 | 4 3 ara | 5 3 32.9 
estrogens, 4 12 119.8 5 12 . 65.9 5 12 57.1 
equine 2.5 ete 3 74.0 4 3 13.3 1 3 12.9 
(Premarin) 2 12 109.7 4 12 37.1 1 12 8.9 
Potassium | 1.25 11 3 78.7 5 3 85.7 8 3 58.4 : 
estrone 1 12 129.2 
sulfate 2.5 7 3 76.6 6 3 44.1 5 3 35.3 
Estradiol | 2.0 | 8 3 2.1 | 4 3 7.1 | 5 3 50.7 
5.0 1 1} 55.5 1 1h 44.4 1 1} 12.1 ’ 
6 3 76.2 5 3 24.2 4 3 27.5 
10.0 1 3 71.7 1 6 16.2 C 
2.0 5 3 68.1 4 3 57.3 4 3 | 65.2 i 
5.0 3 3 62.2 3 3 20.4 1 3 é 16.0 : 
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ductive age. The average ovarian weights of assay rats receiving 3-hour 
aliquots of urine concentrate ranged from 39.5 to 119.7 mg. and averaged 
77.0 mg. for the 21 patients. In 17 normal women of reproductive age, 
assays performed using concentrates of 12-hour aliquots of urine resulted 
in ovarian weights ranging from 11.7 to 28.9 mg., the average for the 
entire group being 19.0 mg. Thus, the gonadotropin excretion of the post- 
menopausal and castrated women averaged approximately 16 times that 
of normal women of reproductive age. 

During treatment, suppression of gonadotropin excretion was considered 
significant if the ovarian weights of the assay rats averaged half or less of 
the value observed in assays performed before therapy. Thus, it was not 
considered necessary that gonadotropins be decreased to normal or sub- 
normal levels to conclude that suppression had resulted from estrogen 
therapy. As a rule, the changes produced by one month of treatment were 
similar to those observed after two or more months of treatment. In some 
instances, however, gonadotropin excretion, although unchanged after 
one month, was definitely decreased at the end of two months of therapy. 
It was, therefore, considered desirable to continue therapy for two months 
before concluding that the dose employed had no effect on gonadotropin 
excretion. 

Diethylstilbestrol was administered in amounts of 0.5, 1.0, 2.0 and 5.0 
mg. daily. Gonadotropin excretion did not measurably decrease in any 
patient receiving 0.5 mg. daily for less than forty days, and fell signif- 
icantly in only 1 of 5 patients receiving this dose for more than forty days. 
In all assays performed while patients were receiving 1.0, 2.0 and 5.0 mg. 
daily, however, definite suppression of gonadotropin excretion was 
observed. 

The preparation, conjugated estrogens, equine was administered in 
doses of 1.25 and 2.5 mg. A significant decrease in gonadotropins was 
observed in 5 of 7 patients who received 1.25 mg. daily for less than forty 
days, and in 5 of 6 patients who received this dose for more than forty 
days. In all assays performed while patients were receiving 2.5 mg. daily, 
decreased gonadotropin levels were observed. 

Potassium estrone sulfate was administered in doses of 1.25 mg. and 2.5 
mg. daily. Gonadotropin levels were not suppressed in 6 patients receiving 
1.25 mg. for less than forty days, but were significantly decreased in 2 of 
8 patients receiving 1.25 mg. for more than forty days. Gonadotropins 
were decreased in 2 of 6 patients receiving 2.5 mg. daily for less than forty 
days and in 4 of 5 patients receiving this dose for more than forty days. 

Estradiol was administered in daily doses of 2.0, 5.0 and 10.0 mg. 
Gonadotropin excretion did not decrease in 8 patients receiving 2.0 mg. 
daily, but did decrease in 6 of 7 patients receiving 5 mg. daily and in the 
1 patient receiving 10.0 mg. daily. 
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Potassium estradiol sulfate produced effects similar to those observed 
with estradiol. Gonadotropin suppression did not occur in 5 patients re- 
ceiving 2.0 mg. daily, but did occur in each of the 3 patients receiving 5 
mg. daily. 

Menopausal symptoms were present before treatment in each patient. 
In most cases the symptoms were typical and severe. With the smallest 
doses of diethylstilbestrol and conjugated estrogens, equine employed, 
0.5 and 1.25 mg. respectively, striking relief of symptoms was obtained. 
Relief was considered optimal, since in only 1 patient (M.M., receiving 
diethylstilbestrol) was greater benefit obtained when larger doses were 
employed. Definite symptomatic improvement was also noted with potas- 
sium estrone sulfate, estradiol and potassium estradiol sulfate. Frequently, 
however, optimal symptomatic relief was not obtained until the larger 
doses were employed, namely, 2.5 mg. of potassium estrone sulfate, 5.0 
mg. of estradiol, and 5.0 mg. of potassium estradiol sulfate. 

After discontinuing therapy, gonadotropin assays were made to determine 
if the suppressive effects of the estrogens persisted for an appreciable 
period. Assays were performed on 6 occasions, twelve to twenty-eight days 
after stopping estrogen treatment, and in each instance gonadotropin 
levels had returned to the pretreatment range. The average ovarian weights 
of the assay rats given 3-hour aliquots of urine concentrate, ranged from 
44.2 to 85.7 mg., whereas during treatment the range was 14.8 to 24.1 mg. 

To determine if the suppression achieved with large doses of estrogen 
could be maintained with smaller amounts, gonadotropin assays were 
performed in 5 patients before and after reducing estrogen dosage. Studies 
carried out during administration of the larger dose revealed decreased 
gonadotropin levels, the average ovarian weights of the assay rats ranging 
from 8.7 to 12.1 mg. Studies repeated twenty-six to fifty-nine days after 
reducing dosage revealed an increase in gonadotropin levels in each patient, 
the average ovarian weights of the assay animals ranging from 42.7 to 
81.3 mg. For example, in Patient G.T. gonadotropin levels were low while 
she was receiving 1.0 mg. of diethylstilbestrol daily, the ovarian weights 
of the assay rats averaging 11.0 mg. Therapy was changed from 1.0 mg. of 
diethylstilbestrol to 2.0 mg. of estradiol daily, without an intervening 
rest period. Twenty-six days later gonadotropin excretion had increased, 
as shown by an average ovarian weight of 56.8 mg. 


DISCUSSION 


An ideal method for the clinical evaluation of the potency of estrogens 
should possess the following attributes: objectivity, sensitivity, reproduci- 
bility, and simplicity of design permitting its performance in readily avail- 
able subjects. The method described in this report is objective. The re- 
quirement of sensitivity would appear to be fulfilled, since relatively 
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slight changes in estrogen dosage produced clear-cut differences in gonado- 
tropin excretion. For example, 0.5 mg. of diethylstilbestrol daily produced 
a significant decrease in gonadotropin excretion in only 1 of 6 patients, 
whereas doubling the dose to 1.0 mg. resulted in definite suppression in 
each of 7 patients. Reproducibility is exemplified by the comparability of 
repeated assays while patients were receiving constant doses of estrogens 
for periods of more than forty days. The method is simple in design, con- 
sisting of monthly gonadotropin determinations in patients receiving 
estrogen therapy. The method can be performed in readily available pa- 
tients, since most postmenopausal or castrated women are suitable subjects. 
In over 30 such women studied in recent years in our clinic, only 1 was 
encountered* in whom gonadotropin excretion was not elevated before 
therapy. Furthermore, any number of estrogens may be tested in the same 
patient, since gonadotropin excretion promptly returns to high levels upon 
cessation of therapy. 

The relative ability of the estrogens employed in this study to decrease 
urinary gonadotropin excretion may be summarized as follows, the potency 
of diethylstilbestrol being designated as 100: 


Conjugated estrogens, equine................. 50 
Potassium estrone sulfate 25 


Postassium estradiol sulfate.................. 


These results are in general agreement with those obtained by workers 
using other endpoints for comparing the potency of estrogens in human 
subjects. 

Allen (2), employing the incidence of withdrawal bleeding as the cri- 
terion of potency, compared several estrogens in castrated women having 
intact uteri and concluded that diethylstilbestrol was approximately 4 to 
5 times as potent as estradiol and sodium estrone sulfate. Bishop, Richards 
and Smith (6) performed similar studies in women having “primary or 
secondary amenorrhea” and estimated the potency of diethylstilbestrol to 
be twice that of conjugated estrogens, equine. Kupperman and co-workers 
(7) studied a large number of estrogens in patients having amenorrhea, 
using the appearance of bleeding following a constant dose of progesterone 
as the basis for comparison. They found diethylstilbestrol to be more po- 
tent than conjugated estrogens, equine, and the latter to be more potent 
than either potassium estrone sulfate or estradiol. By determining the 
amount of estrogen necessary to produce a decidual endometrium in pa- 


3 This was a 50-year-old, obese, hypertensive woman with persistent albuminuria 
which interfered with extraction and assay of gonadotropins. 
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tients receiving a constant dose of progesterone, Bradbury, Long and Dur- 
ham (8) concluded that diethylstilbestrol was more potent than conjugated 
estrogens, equine, which in turn was more potent than potassium estrone 
sulfate. Brown and Bradbury (9), using the vaginal smear method, studied 
a conjugated equine estrogen preparation similar to the one employed in 
this study and found that it was not as potent as diethylstilbestrol. Relief 
of menopausal symptoms has been the most widely used criterion for 
evaluating estrogens. The report of Kupperman and associates (7) is per- 
haps the most extensive study of this kind. Although the subjective nature 
of the endpoint and the fact that they studied only a single dose level of 
each estrogen prevents strict comparison, their results are in general 
accord with those obtained in this study. 

Thus, the relative potency of each of the various estrogens appears to 
be fairly constant, regardless of the endpoint used for comparison. The 
minimal amount of any given estrogen required to produce each of the 
various estrogenic effects, however, is not necessarily the same. For 
example, Heller, Chandler and Myers (10) observed that 0.5 mg. of diethyl- 
stilbestrol daily by mouth alleviated menopausal symptoms and produced 
cornification of the vaginal epithelium, but did not depress urinary 
gonadotropin excretion. Similarly, with the estrogens used in our studies, 
the minimal dose necessary to depress gonadotropins was about twice the 
’ amount needed to provide optimum relief of symptoms. 

The low potency of orally administered estradiol, as compared to its high 
potency when administered intramuscularly, is attributable to its relatively 
marked susceptibility to hepatic inactivation. To our knowledge, potas- 
sium estradiol sulfate has not been previously studied. This compound was 
compared with estradiol, since conjugation of estrogens has been con- 
sidered to protect against hepatic inactivation and thus increase the ef- 
fectiveness of orally administered estrogens. The results of this study, 
however, indicate that conjugation of estradiol has little effect, since potas- 
sium estradiol sulfate and the unconjugated form were of approximately 
the same order of potency. 

It has been suggested that the gonadotropin suppression resulting from 
administration of estrogens may be mediated by non-estrogenic metab- 
olites of the hormone, rather than an inherent action of estrogens. Our 
results, however, support the concept that gonadotropin suppression is an 
inherent estrogenic action. Both synthetic and natural estrogens were 
employed, and their breakdown products might reasonably be expected 
to differ; yet, close parallelism was found between gonadotropin suppres- 
sion and other estrogenic effects. Evidence obtained from animal experi- 
ments is also in accord with this concept. Jungek (11) observed that the 
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breakdown products of estrogens resulting from pellets of estradiol im- 
planted in the spleen of rats did not significantly alter the gonadotropin 
content of the pituitary. Mortimore, Paulsen and Heller (12) determined 
the effects of 16 miscellaneous steroids on the gonadotropin content of the 
pituitaries of rats and found that only estrone and estrololactone caused a 
significant decrease. The estrogenic activity of these two hormones was 
adequate to account for their gonadotropin-suppressing property. Smith’s 
(13) experience with estrololactone led her to conclude that suppression 
of FSH by prolonged administration was a direct effect of the estrogen, 
rather than an action of ‘oxidative inactivation products.” 

Since there is substantial evidence supporting the concept that gonado- 
tropin suppression is an inherent property of estrogens, it would seem 
valid to employ this characteristic for comparing the potency of estrogens. 
Testosterone is also capable of suppressing gonadotropin secretion, and 
thus this method may be applicable to the evaluation of androgens as well 
as estrogens. 

SUMMARY 


The ability of estrogens to decrease urinary gonadotropin excretion was 
studied in 21 postmenopausal or castrated women to determine if this 
property would afford a useful method for comparing estrogens in the 
human subject. Urinary gonadotropin assays were performed before, and 
at approximately one-month intervals during therapy. Five oral estrogen 
preparations were studied: diethylstilbestrol; conjugated estrogens, equine 
(Premarin); potassium estrone sulfate; estradiol; and potassium estradiol 
sulfate. Relatively small changes in estrogen dosage produced clear-cut 
differences in gonadotropin excretion. Whereas 0.5 mg. of diethylstilbestrol 
daily produced a significant decrease in gonadotropin excretion in only 1 
of 6 patients, 1.0 mg. produced definite suppression in each of 7 patients. 
The other estrogens were less potent than diethylstilbestrol. The prepara- 
tion conjugated estrogens, equine was one half, potassium estrone sulfate 
was one fourth and estradiol and potassium estradiol sulfate were one fifth, 
as potent as diethylstilbestrol. These ratios are in general agreement with 
those obtained by workers employing other criteria for comparing estro- 
genic activity. It is concluded that the determination of the minimal 
amount of estrogen necessary to decrease the urinary gonadotropin ex- 
cretion of postmenopausal or castrated women affords an accurate, objec- 
tive method for comparing the potency of estrogens. 
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APPENDIX 


TaBLeE A. CLINICAL STATUS OF 21 POSTMENOPAUSAL OR CASTRATED WOMEN 


: a Cause of deficient ovarian Length of time 
Patient at time ariitian after menopause 
of study or castration 


C.B. Bilateral ovariectomy 4 yrs. 

LB. Spontaneous menopause 8 yrs. 
Bilateral ovariectomy 2 mos. 
Bilateral ovariectomy 2 mos. 
Spontaneous menopause 6 yrs. 
Bilateral ovariectomy 1 mo. 
Bilateral ovariectomy 2 mos. 
Premature menopause 2 yrs. 
Spontaneous menopause 5 yrs. 
Spontaneous menopause 6 yrs. 
? Ovariectomy 18 yrs. 
Spontaneous menopause 1 yr. 
Spontaneous menopause 9 yrs. 
Bilateral ovariectomy 2 mos. 
Spontaneous menopause 1 yr. 
Bilateral ovariectomy 2 mos. 
Bilateral ovariectomy 7 yrs. 
Bilateral ovariectomy 11 yrs. 
Bilateral ovariectomy 
Spontaneous menopause 
Spontaneous menopause 
Spontaneous menopause 
Bilateral ovariectomy 


518 


May, 1954 ASSAY OF ESTROGENS VIA GONADOTROPINS 


TABLE DIETHYLSTILBESTROL 


Without Treatment Less than 40 Days of Treatment More than 40 Days of Treatment 


Daysof Urine Uterine Ovarian No. 
treat- extract stimu- wt. of 
ment (hrs.) lation (mg.) rats 


Daysof Urine Uterine Ovarian No. 
treat- extract stimu- wt. of 
ment (hrs.) lation (mg.) rats 


Urine Uterine Ovarian 
extract stimu- wt. 
(hrs.) lation (mg.) 


Daily 
dose 
(mg.) 


0.5 


3 


3 


3 


3 


80.0 


+ 


69.6 


82.1 
46.4 
66.4 


+++ 4+ 


+ 
+ 


106.4 


67.6 


40.2 
45.3 


4 


57 
57 
61 
61 
60 
63 
47 
76 


80.6 
107.5 
48.3 


72.3 


35.7 
91.2 
88.0 


73.8 
116.2 


85.7 
121.1 
82.1 
113.3 
62.7 


+++++ ++ 


+ + +41 


+! 


tet tit +) 


72.3 
73.8 
116.2 
59.6 
85.7 
98.4 
82.1 
113.2 
46.4 


Or 


I+ +4 444144 


82.1 
113.3 


+ 
+ 
+ 
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of 
rats 
12 
M.M. | mm 4 33 3 | aa 3 
12 105.1 
G.T. | ; 4 3 51.4 
VW. 3 | 4 31 12 + || 4 12 93.5 
LB. | 16 20 3 + 4 3 19.9 
3 15.9 
1.0 | CB. 3 mm 4 30 3 11.4 4 64 12 14.6 JF 
30 12 23.5 3 
L.D. ? 1 27 3 46.0 4 49 3 N44 
3 | 5 78 3 12.1 4 
MF, 3 8 27 6 12.9 2 55 6 11.5 2 
84 3 11.5 4 
- W.L. 3 || 4 39 3 19.3 4 62 12 28.8 2 
12 3 90 12 25.7 4 
: 130 12 26.8 3 
ES. 3 4 39 3 14.2 4 
12 3 35 12 87.8 3 
G.T. 3 4 27 3 51 3 
12 2 23 12 97.0 2 65 12 i 13.9 4 
M.H. 3 4 24 3 20.9 4 
26 12 82.1 3 
3 26 12 12.2. 
W.L. 3 
12 32 12 14.0 4 
M.M. 3 26 12 13.6 4 53 12 + 11.5 4 
ES. 3 
12 26 12 11.8: 4 54 12 - Hur 4 
G.T. 3 26 12 11.3. ¢ 54 12 - 13.8 4 
12 
V.W. 3 23 12 - 50 12 - ; 
5.0 | G.T. 3 p 4 27 12 - 10.4 4 
12 2 


TABLE C, CONJUGATED ESTROGENS, EQUINE 
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Without Treatment 


Less than 40 Days of Treatment 


More than 40 Days of Treatment 


Da Urine Uterine Ovarian No. | Daysof Urine Uterine Ovarian No. |! Daysof Urine Uterine Ovarian No. 
(mg.) extract stimu- wt. of | treat- extract stimu- wi. of | treat- extract stimu- wt. of 
(hrs.) lation (mg.) rats| ment (hrs.) lation (mg.) rats| ment hrs.) lation (mg.) rats 
1.25 | M.H. 3 + 55.1 4 27 3 + 18.1 4 45 3 + 17.5 4 
M.M. 3 + 69.6 4 26 3 + 11.2 4 54 12 + 50.8 2 
26 12 + 51.9 3 82 3 + 40.3 3 
82 12 - 7.8 3 
ES. 3 + 85.7 4 17 12 + 62.9 4 57 12 - i See 
12 + 121.1 3 
G.T. 3 + 56.0 4 26 12 + 12.9 4 55 3 - 9.7 4 
12 + 113.3 2 31 12 + 10.5 4 55 12 + 36.6 3 
M.T. 3 + 46.0 3 30 3 + 46.0 4 54 3 + 19.7 4 
12 + 138.6 3 30 12 + 7.5 3 54 12 + 58.8 3 
EG. 3 + 101.5 4 27 12 + 94.0 2 62 3 + 77.4 4 
62 12 + 113.7 2 
AS. 3 + 115.3 3 32 3 + 34.4 4 3 
12 + 106.0 3 32 12 + 94.4 3 
2.5 | M.H. 3 + 55.1 4 26 3 + 11.2 4 59 3 + 12.9 4 
M.M. 3 + 69.6 4 25 3 + 14.9 4 
25 12 + 37.8 3 
G.T. 3 + 56.0 4 
12 + 113.3 2 27 12 + 13.9 4 
EG. 3 + 101.5 4 26 3 + 16.1 4 
26 12 + 82.8 3 
AS. 3 + 115.3 3 23 3 - 11.0 4 
+ 10.0 3 59 12 ~ 8.9 2 
+ 46.4 4 12 + 14.0 4 


TABLE D. PoTassIUM ESTRONE SULFATE 


Without Treatment 


Less than 40 Days of Treatment 


More than 40 Days of Treatment 


Daily 

dose ht Urine Uterine Ovarian No. | Daysof Urine Uterine Ovarian No. | Daysof Urine Uterine Ovarian No. 
(mg.) extract stimu- wt. of | treat- extract stimu- wt. of | treat- extract stimu- wt. of 
(hrs.) lation ‘(mg.) rats| ment hrs.) lation (mg.) rats} ment (hrs.) lation (mg.) rats 
1.25 | LB. 3 + 72.3 12 69 3 + 51.4 4 
W.c. 3 + 119.7 4 100 3 + 20.9 4 
LD. 3 + 86.9 11 22 3 + 83.7 4 56 3 a 90.8 4 
84 3 + 
+ 100.9 4 52 3 + 79.1 4 
83 3 + 85.8 4 

+ 82.2 4 39 3 + 124.1 4 

+ 56.0 4 33 3 + 64.1 4 
+ 1.5 4 64 3 - 18.2 4 
106 3 - 11.4 4 
+ 60.6 4 18 3 31.6 4 64 3 + 40.6 4 
91 3 + 45.9 4 

+ 66.2 4 28 3 + 83.9 4 
+ 78.2 #4 49 3 + 34.5 4 
+ 129.2 2 75 3 + 118.1 4 
+ 71.5 4 27 3 + 72.7 #4 57 3 + 73.8 4 

+ 72.3 12 25 3 + 44.5 4 
+ 86.9 11 27 3 + 69.3 4 69 3 + 82.7 4 
+ 88.0 8 27 3 - OF) A 55 3 - 12.7 4 

+ 71.5 4 35 3 + 53.8 4 
+ 100.9 4 26 3 + 64.9 4 69 3 + 43.7 4 
+ 56.0 4 20 3 + 22.5 4 55 3 + 21.8 4 
+ 60.6 4 58 3 - 
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E. 


Daily 
dose 
(mg.) 


Without Treatment 


Less than 40 Days of Treatment 


More than 40 Days of Treatment 


Urine Uterine Ovarian No. 
extract stimu- wt. of 
(hrs.) lation (mg.) rats 


Daysof Urine Uterine Ovarian No. 
treat- extract stimu- wt. of 
ment hrs.) lation (mg.) rats 


Daysof Urine Uterine Ovarian No. 
treat- extract stimu- wt. of 
ment (hrs.) lation (mg.) rats 


2.0 


26 


+ ++ +++ 


59 42.7 4 
+ 72.8 #4 


33.5 
74.5 


+++ 44+ 4444444 


14 
36 
14 
34 
25 
28 
14 
25 
32 
21 


15.7 
44.4 
37.5 
33.8 
11.6 

7.9 


Cwwwrwwww w 

+l ttt 


13.7 


36 + 16.2 


TABLE F. PorassiIUM ESTRADIOL SULFATE 


Without Treatment 


Less than 40 Days of Treatment 


More than 40 Days of Treatment 


Urine Uterine Ovarian No. 
extract stimu- wt. of 
(brs.) lation (mg.) rats 


Daysof Urine Uterine Ovarian No. 
treat- extract stimu- wt. of 
(mg.) rats 


Daysof Urine Uterine Ovarian No. 
treat- extract stimu- wt. — of 
ment (hrs.) lation (mg.) rats 


62.7 4 
82.2 
56.0 


71.5 
68.0 


47.8 4 
60.3 4 


79.0 
42.2 


55 + 39.1 3 


46.2 
41.3 
100.2 
77.8 


62.7 
56.0 


68.0 


14.8 
22.3 


24.1 
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w.c, 3 119.7 4 
L.D. q 35.7 4 7 3 88.1 4 
3 91.2 5 28 3 103.2 4 
M.H. 3 . 61.9 4 27 3 45.6 4 57 3 + || 6 
O.P. 3 100.9 4 54 3 + 4 
G.T. 3 82.1 4 15 3 47.1 4 
|_| 3 56.8 4 
M.T, 3 39.5 4 57 3 + 29.8 4 
MS. 3 67.5 4 23 3 98.8 4 
5.0 | LB. 3 72.3 12 49 3 + 10.5 4 
L.D. 3 35.7. 4 90 3 + 79.6 4 
3 91.2 5 ill 3 + 60.0 4 
MF. 3 88.0 8 55 3 + 12.9. 4 
51.9 4 
L.H. 14 55.5 5 50 13 + 12.1 4 
ES. 3 71.7 4 
G.T. 3 + 82.1 4 41 3 + 16.9 4 
10.0 | ES. 3 + tha 
dose, 
tient 4 
20 |MH.| 3 
G.T. 3 85 3 4 
88 3 + 4 
N.T. 3 + 4 27 3 + 4 56 3 + 4 
LB. 3 + | 12 28 3 + | 4 64 3 + 4 
5.0 | M.H. 3 + 4 27 3 + 4 
G.T. 3 + | 4 27 3 + | 4 56 3 + 16.0 4 
56 12 + 88.5 2 j 
LB. 3 + 12 29 3 4 


ALVEOLAR CARBON DIOXIDE TENSION .LEVELS 
DURING PREGNANCY AND EARLY PUERPERIUM* 


R. L. GOODLAND, M.S., J. G. REYNOLDS, B.S. anp 
W. T. POMMERENKE, Pu.D., M.D. 


The Department of Obstetrics and Gynecology of the University of Rochester. 
Rochester, New York 


HE persistence of an elevation of the basal body temperature during 
the early months of pregnancy is a classic example of the continuation 
of a systemic response, which, in the nonpregnant state, is characterized 
by a cyclic ebb and flow of temperature changes during the menstrual 
cycle. The typical hyperthermia, which becomes apparent at about mid- 
cycle and which is maintained almost until the time of the next menstrua- 
tion, is attributed to the action of progesterone (1, 2). In the normally 
menstruating woman the concentration of carbon dioxide in the alveoli is 
depressed during the postovulatory phase of the cycle (3-6). The adminis- 
tration of progesterone lowers the alveolar CO, tension (7-9), and the cyclic 
fluctuations of this gas are also correlated with those of progesterone 
production. In the event of pregnancy, as is illustrated in this presentation, 
the suppression of carbon dioxide tension is continued. Cyclic variations 
in serum sodium and chloride levels during the normal menstrual cycle 
have been described by Eckstein et al. (10) and Phillips et al. (11). It has 
been postulated that the sodium retention of pregnancy is related to the 
increased production of estrogen and progesterone (12). Forbes (13) has 
shown that plasma progesterone levels may vary during pregnancy, with 
peaks at average intervals of four weeks. One may speculate, therefore, 
that cyclic phenomena occurring in normal menstrual cycles may also 
occur during pregnancy. Thus, Hartman (14) has described abortive cycles 
of vaginal desquamation after conception in the rhesus monkey. Ball (15) 
confirmed this observation and also noted cyclicity of sexual responsive- 
ness during pregnancy. It is not an uncommon clinical observation that 
some women have short episodes of bleeding at the time of the first missed 
menstrual period following conception. The fact that abortions frequently 
occur at times when women might be expected to menstruate forms the 
basis for the added precautions that are advised for these times. 
This paper presents data on alveolar carbon dioxide tension, expressed 


Received for publication August 10, 1953. 
* This study was supported by a grant from the Ortho Research Foundation. 


522 


it 
| 


May, 1964 ALVEOLAR CO; TENSION DURING PREGNANCY 523 


herein as pCO., and serum sodium and chloride concentrations of women 
throughout part or all of pregnancy and in the early postpartum period. 
Attempts were made to obtain determinations at times when cyclic changes 
might have been apparent had the subjects not become pregnant. By so 
doing it was hoped to determine whether alveolar pCO, and serum sodium 
and chloride concentrations show cyclicity, as-in the normal menstrual 
cycles, during part or all of pregnancy. 


SUBJECTS AND METHODS 


Subjects: The subjects studied were 7 ostensibly healthy women ranging in age from 
22 to 29 years. On the basis of their histories pertinent data concerning previous men- 
strual cycles were obtained. Numerous consecutive basal body temperature records were 
kept by the subjects. On coming to the laboratory in a fasting state in the morning, they 
were given at least thirty minutes of bed rest before the tests were instituted. Deter- 
minations were performed before and after pregnancy on 3 subjects. In addition, studies 
in 4 other women were initiated after the onset of pregnancy. An effort was made to 
obtain weekly determinations. In these records the first day of the last menstrual period 
is regarded as day 1. Following parturition the tests were repeated. Because of lactation 
problems the determinations could not always be performed under strictly basal condi- 
tions, but in all cases the tests were not made until a minimum of three to four hours 
after food intake and until the patient had been at least thirty minutes at rest in a re- 
cumbent position. 

Methods: Alveolar pCO, analyses were made, using the gas collection method of 
_ Rahn and Otis (16) which permits continuous determinations with the Cambridge CO, 
analyzer (17). Serum chloride determinations were made according to Wilson and Ball’s 
modification (18) of the Van Slyke technique. Serum sodium values were obtained using 
a flame photometer. 


RESULTS 


Figure 1 presents the alveolar pCO, patterns exhibited by 5 subjects. 

Subject D. S. was followed from the onset of her last menstrual period 
throughout pregnancy and the postpartum period to the beginning of the 
first subsequent menstruation. This woman was.a 23-year-old primigrav- 
ida whose pregnancy, from a clinical standpoint, progressed uneventfully. 
Frequent pCO, determinations were made before the fact of pregnancy 
was definitely confirmed. Serum sodium and chloride concentrations were 
followed, beginning approximately at the end of the second trimester of 
pregnancy. It may be noted that the pCO, reached a high level at approxi- 
mately midcycle, at the time of ovulation as determined from the basal 
body temperature record. Thereafter the pCO, decreased in accordance 
with typical patterns previously described (5, 6). At the time of the first 
missed menstrual period the pCO, was still decreasing; moreover, the 
basal temperature remained elevated, thus suggesting pregnancy. This 
presumptive diagnosis of pregnancy antedated confirmation by the Galli- 
Mainini toad test. Observations were interrupted, as indicated in Figure 1, 


524 GOODLAND, REYNOLDS AND POMMERENKE Volume 14 


because of absence of the subject from the city but they were resumed 
after day 126. Examination of the pCO, shows crests reaching high points 
on about days 153, 182 and 210. It will be noted that these peaks follow 
one another at approximately 28-day intervals and as multiples of the ovu- 
latory periods characteristic of the patient’s pre-pregnancy cycles. These 
definite waves of decreases and increases of a cyclic nature were not ap- 
parent following day 225. Thereafter the pCO, was maintained at a low 


ALVEOLAR PCO2,mm.Hg 


20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 
DAYS FROM ONSET OF LAST MENSTRUAL PERIOD. 
Fie. 1. Alveolar pCO, levels of 5 subjects during pre-pregnancy and/or pregnancy 
and the puerperium. Vertical arrows 7 denote day of delivery, except in the graph for 
Subject J. G., in which it denotes the day of completion of abortion. S indicates vaginal 
spotting. The solid bars indicate menstrual periods. 


level until the postpartum period. Following delivery it rose abruptly and, 
after a transitory fall, again rose before gradually decreasing until menstru- 
ation was resumed. Fluctuations in sodium and chloride concentrations 
occurred during the period of observation, but these showed no regularity 
or cyclicity of pattern. Following delivery the sodium values rose and by 
the ninth postpartum day reached a level which was appreciably higher 
than that of the last few determinations before parturition (Fig. 3). 
Subject V. V., a 22-year-old gravida II para I, was first seen on the sixty- 
third day after the onset of her last menstrual period. The pregnancy pro- 
ceeded uneventfully. Her pre-pregnancy cycles were approximately of 
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thirty-three days’ duration. The alveolar pCO, pattern presented by this 
subject shows lowered values at intervals of twenty-eight to forty-two 
days up to the two hundred and seventy-fourth day after the start of her 
last menstrual period. In addition, other low values were obtained within 
these intervals, thus presenting a picture of two crests within each period. 
Had it been possible to make daily instead of weekly observations, the 
time of appearance of true maximal and minimal values would have been 
established. The first postpartum determination was made fifty-one hours 
after delivery. At this time the pCO, had already risen sharply. Fluctua- 
tions in serum sodium and chloride concentration were apparent through- 
out the period in which the subject was followed, but no consistency. could 
be seen in these variations. The serum sodium level two days after delivery 
showed a sharp increase of about 7 mEq./L. (Fig. 3). 

Subject C. H., a 22-year-old primigravida, became available for observa- 
tion two hundred and eleven days after the onset of her last menstrual 
period. She had had an average menstrual cycle length of thirty days prior 
to her pregnancy, the clinical course of which was normal. During the first 
twenty-eight days of observation the pCO, values presented the typical 
curve of the normal menstrual cycle with the high point at approximately 
the thirteenth day of observation. Evidence that this represents a cyclic 
manifestation is presumptive. Were one to project the pre-pregnancy 
‘eycles into gestation, it would be noted that this peak of pCO, would cor- 
respond approximately to a multiple of her ovulatory cycle. No similar 
pattern was again seen during the remaining days of the pregnancy. 
Analyses were continued for four days following delivery. The alveolar 
pCO, increased gradually during this interval. Serum chloride values 
fluctuated within a narrow range during the last two months of pregnancy. 
The serum sodium level showed no rhythmic pattern during pregnancy, 
but following delivery a pronounced elevation was noted (Fig. 3). 

Subject I. M., a 29-year-old primigravida, had had an average menstrual 
cycle length of twenty-eight days prior to pregnancy. The pCO, pattern 
exhibited by this woman showed no consistent cyclic fluctuations during 
the period of observation which began two hundred and thirteen days 
after the beginning of the last menstrual period. Mild pre-eclampsia with 
edema developed in late pregnancy and six hours after the delivery the pa- 
tient had typical convulsions. Because of the illness, from which she in time 
recovered without persistent stigmata, it was not possible to remove her to 
the laboratory until the eighth postpartum day. At this time the pCO, 
level was noted to have risen markedly. It persisted at an elevated level for 
the following forty-five days of observation. The serum chloride concen- 
tration in this subject remained at approximately a constant level through- 
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out the last trimester of pregnancy and during the observed postpartum 
period. 

Subject J. G., a 27-year-old woman, was followed continuously for three 
months before the onset of a pregnancy and until a menstrual period 
occurred following an abortion. Prior to her pregnancy the pCO, pattern 
showed the typical cyclic changes. In early pregnancy the characteristic 
fall in pCO, was again noted. She began to spot from the vagina on the 
thirty-second day. Shortly thereafter the pCO, started to rise and con- 
tinued to increase after the abortion was completed on the fifty-ninth day. 


LJ. 


ALVEOLAR pCO2 34 
mm. Hg, 
31 
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20 40 60 80 100 120 140 160 
DAYS FROM ONSET OF LAST MENSTRUAL PERIOD. 


Fig. 2. Alveolar pCO. and serum sodium levels in Subject F. C. through pregnancy 
and the early puerperium, and in Subject I. J. from the last menstrual period through 
approximately the first trimester of pregnancy. The vertical arrow T denotes day of 
delivery and the solid bars indicate menstrual periods. 


The pCO, reached its peak twenty-one days after the abortion. It then 
decreased, thus suggesting that ovulation had occurred. In any event, 
menstruation started eighteen days after the high level had been reached. 
Interestingly, before this subject had become pregnant the cyclic acme in 
the pCO, curve was reached approximately eighteen days before the onset 
of menstruation. Electrolyte determinations were not available. 

In Figure 2 the alveolar pCO, and serum sodium patterns of aaiacte 
F. C. and I. J. are presented. 

Subject F. C. was a 22-year-old primigravida who had had an average 
cycle length of twenty-seven days and who was first seen during her preg- 
nancy on the thirty-first day after the start of her last menstrual period. 
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The clinical course of her pregnancy was entirely normal. It will be noted 
in Figure 2 that there are two episodes in which the alveolar pCO, changes 
show a cyclic elevation. The first episode had a high point occurring about 
day 94 and the second between days 169 and 176. The determinations on 
day 288 were made just before the onset of labor. The first postpartum 
determination was made twenty-seven hours after delivery and at this 
time it was noted that the pCO, had increased only slightly; however, 
after eighty hours it had risen 7.5 mm. of Hg. About thirty days after de- 
livery the pCO, had returned to the pre-pregnancy level. The serum chlo- 
ride fluctuated irregularly during the second trimester of pregnancy but 
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Fie. 3. Serum sodium levels of 4 women, from approximately three weeks 
antepartum to four weeks postpartum. 


remained fairly constant and then showed a downhill trend during the last 
trimester. Following delivery the sodium concentration rose approximately 
5 mKq./L. (Fig. 3). High sodium concentrations were observed at approxi- 
mately 25-day to 34-day intervals between days 94 and 150 (Fig. 2). The 
first peak corresponded to the time when the alveolar pCO, values were 
elevated. 

Subject I. J. was a 23-year-old woman on whom observations were begun 
two months before the beginning of her pregnancy. Her cycles were thirty- 
one days in length on the average. The record from the start of the last 
menstrual period throughout most of the first trimester of pregnancy is 
shown in Figure 2. The pCO, curve suggests a slight elevation around 
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day 48 which was thirty-three days after the previous ovulatory high level. 
The serum chloride level ranged within narrow limits from the start of the 
last menstrual period to the third month of pregnancy. The serum sodium 
level showed a decrease of about 10 mEq./L. during this interval. This 
decrease in sodium during pregnancy is consistent with the observations 
of Nice e¢ al. (19) that lowering of the total base concentration becomes 
manifest before the third month of pregnancy. 

Figure 3 illustrates determinations of the serum sodium concentration 
of 4 subjects for a period covering approximately three weeks antepartum 
to four weeks postpartum. A postpartum rise in serum sodium levels ap- 
peared in every instance. By the fourth week after delivery this increase 
amounted to about 5 mEq./L. more than the values recorded in the last 


week of pregnancy. 
DISCUSSION 


Progesterone secreted by the corpus luteum in the postovulatory phase 
of the menstrual cycle causes an elevation in basal body temperature and 
a decrease in alveolar pCO, (1, 2, 7, 8, 9). After pregnancy the corpus 
luteum, in continuing its function, is presumed to be the source of the 
sustained elevation in basal temperature and the sustained decrease in 
alveolar pCO,. Reference is again made to the observation by Forbes (13) 
that fluctuations exist in the concentration of the free form of progesterone 
in the plasma during pregnancy. These fluctuations show peaks occurring 
with some regularity, on the average of every four weeks. The variations 
in alveolar pCO, reported in this paper may be reflections of the proges- 
terone fluctuations as cited by Forbes. Could one speculate that some of 
the transitory subjective phenomena of pregnancy are related to these 
cyclic fluctuations? The occurrence of the pCO, peaks during pregnancy 
varies with individuals but, when apparent, the pattern simulates that of 
the menstrual cycle. This phenomenon was also seen by Déring and 
Loeschcke (4). 

After delivery the alveolar pCO; increases noticeably. In some cases this 
elevation occurs within forty-eight hours, whereas in others four days may. 
lapse before this postpartum peak becomes apparent. Rather pronounced 
changes occur with parturition. These include alterations in the mechanical 
factors affecting pulmonary ventilation, the inevitable blood loss, and the 
possible specific dynamic effect associated with nitrogen resorption from 
involution of the uterus. Effects of analgesic drugs given to puerperal sub- 
jects have not been considered in this study. Consequences of the removal 
of the placenta, as might be revealed by measuring the respiratory quo- 
tient, have also not been determined. It is possible that the deprivation of 
certain hormones attributed to the placenta may be one of the contributing 


May, 1954 ALVEOLAR CO, TENSION DURING PREGNANCY 529 


factors to the postpartum elevation in alveolar pCO, and serum sodium 
levels. An examination of Figures 1 and 2 shows that in 4 of the 5 subjects 
suudied through delivery the puerperal acme of pCO, was followed after a 
shorter or a longer period of time by a depression that preceded another 
more sustained rise. This temporary depression has not been explained. 
The subsequent rise, however, has been shown in some cases to persist 
until the first presumptive ovulation, at which time the normal biphasic 
curve is again established. One of the subjects (D. 8.) showed a depression 
of the pCO, for about ten days before the resumption of menstruation 
forty-eight days after delivery. This occurrence may be regarded as pre- 
sumptive evidence of puerperal ovulation at that time. It is of interest 
that in 1 subject (J. G.) an early suggestion of an impending abortion was 
the increasing pCO, observed when the subject began to spot. Five of the 
6 subjects observed during pregnancy exhibited no evidence of monthly 
cyclicity of serum sodium and chloride values. The sixth subject (F. C.), 
however, showed three waves of serum sodium elevation occurring at 
25-day to 34-day intervals during the second trimester of pregnancy. 


SUMMARY 


Alveolar carbon dioxide tension (pCO) is decreased during pregnancy. 
In 5 of 6 subjects studied, perceptible rises in alveolar pCO, were observed 
‘during pregnancy. In some subjects this phenomenon recurred at intervals 
corresponding to those of the pre-pregnancy ovulatory and/or menstrual 
cycles. 

One subject exhibited what appeared to be three cyclic elevations in the 
level of serum sodium at average monthly intervals during pregnancy. 
One of these rises coincided in time with an elevation of pCOs. 

Shortly after delivery the alveolar pCO, and serum sodium levels show 
pronounced elevation. 

The data suggest that cyclic phenomena relating to alveolar pCO, levels 
in the normally menstruating woman may be demonstrable at fairly 
regular intervals during pregnancy. 
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N 1926 Hisaw (1) first postulated that relaxation of the symphysis 
pubis of the guinea pig during pregnancy is under hormonal control. 
Since that time a large literature has accumulated concerning this process, 
and the active principle producing this effect has been named relaxin. 
Relaxin has been obtained as a water-soluble, polypeptide-like substance 
from the sera of pregnant animals, particularly the rabbit, and from the 
ovaries and uteri of other species of mammals (2). The hormone is rapidly 
absorbed from the subcutaneous tissue of rabbits or guinea pigs but more 
than 90 per cent of injected relaxin is lost from the blood six hours after 
intravenous or subcutaneous administration (3). Histologic study of the 
symphysis pubis of the guinea pig after the relaxation of pregnancy or 
following the administration of relaxin shows proliferation of capillaries 
and dissolution of collagen fibers (2). Administration of early preparations 
of relaxin to rabbits caused an antidiuretic effect, anemia, and reduction 
in the nonprotein nitrogen level of the blood (4, 5) but these results were 
later shown to be due to a factor other than relaxin (6, 7). In the course of 
human pregnancy, blood “relaxin activity” has been found to increase in 
a regular manner during the last two thirds of gestation (8). 
Although many investigators consider relaxin to be a hormone of 
pregnancy, no previous studies on the effects of the administration of 
relaxin to humans have been reported. In the present study, it was pro- 
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posed to determine whether relaxin is toxic when given to human subjects 
in amounts that would result in physiologic blood levels (12), and to ascer- 
tain the presence or absence of metabolic changes following relaxin ad- 
ministration. In addition, the histologic changes that result from adminis- 
tration of relaxin to animals are similar to those which have been reported 
by some observers (9) to occur in the pathologic lesions of patients with 
rheumatoid arthritis given cortisone. Therefore, 2 subjects with rheuma- 
toid arthritis were treated with relaxin for several days to determine if 
clinical changes occurred comparable to those seen with cortisone therapy | 
in this disorder. For convenience, the long-term metabolic studies were 
carried out in these 2 patients. Because the metabolic data were essentially 
negative and no clinical improvement was observed, no attempt was made 
to obtain biopsy specimens for histologic examination. 


MATERIALS AND METHODS 


Ten subjects were studied. Seven patients, 2 females and 5 males, received varying 
doses of relaxin during a single day (Table 1). 


Two patients with chronic rheumatoid arthritis were treated with relaxin, one during 
a metabolic balance study, and the other during coincident oral administration of sub- 
therapeutic doses of cortisone. Relaxin was administered for five days to 1 patient with 
Cushing’s syndrome due to adrenal carcinoma. 

During the experiments the blood pressure, pulse, and temperature were measured 
by the usual clinical techniques. The total leukocyte count, differential count, and total 
eosinophil count (10) were determined before relaxin was given and at intervals of one 
to twenty-four hours after the initial administration of the drug. Plasma 17-hydroxy- 
corticosteroid (11) and blood relaxin levels (12) were measured at corresponding times. 

For the metabolic study, a patient with chronic rheumatoid arthritis was admitted 
to the Metabolic Ward of the Salt Lake County General Hospital. The diet was con- 
stant with regard to calories, carbohydrates, and protein, and the nitrogen was checked 
by periodic analysis of a diet aliquot by the Kjeldahl technique. Stool and urinary 
nitrogen were measured in the same manner. Creatine and creatinine levels in urine and 
serum were determined by a modification of the method of Phillips (13). Serum and 
urinary sodium and potassium were measured with an internal standard flame photom- 
eter. Blood urea nitrogen, serum chloride, serum carbon dioxide combining power and 
blood sugar levels were determined according to generally accepted techniques. The 
plasma volume was measured with T-1824. Hematologic measurements were made as 
described. 

Similar techniques were used to study a second patient with rheumatoid arthritis and 
a patient with adrenal carcinoma. The study periods were modified as indicated in the 
description of the results. Urinary 17-hydroxycorticostercids and 17-ketosteroids were 
also measured in the second patient with rheumatoid arthritis (14). 

Because the effects of relaxin in animals are most evident after pre-treatment with 
estrogens (2), the 2 patients with rheumatoid arthritis received estrone sulfate for several 
days before their relaxin therapy was begun. 

The relaxin used in this study was supplied as ‘‘Releasin”’ by Dr. Robert L. Kroe, 
Warner-Chilcott Laboratories Division of Warner-Hudnut, Inc., New York, N. Y. The 
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TaBLeE 1. A SUMMARY OF THE CLINICAL DATA, DOSAGE, AND TREATMENT SCHEDULES 
OF THE PATIENTS TREATED WITH RELAXIN 


3 Cone. Dose Route 
Patient, Diagnosis Lot # of (a.p.u./| (units/ Dose of Duration 


Age relaxin ml.) | 24 hrs.) schedule | . amin. of expt. 


V.L. 40 F | Ca breast 98711 350 700 | 700 stat. I.M. 8 hrs. 
J.S. 82 Paraplegia; 98711 350 | 7,350 | Infusion s.c. | 24 hrs. 
ant. spinal for 4 hrs. 
artery. 
thrombosis 
S.McA. 62 Chronic 
alcoholism 
V.R. 39 Adrenal 
carcinoma 
W.B. 63 Rheumatoid 
arthritis 
J.S. 82 Paraplegia 


C.B. 46 Pulmonary 
TBC 


infusion 
w 8 hs 

Multiple ‘ 4,000 u .M. | 24 hrs. 
fractures, q3h 
remote 
Bilateral 4,000 u | 24 hrs. 
cerebral q3h 
thrombosis 
Rheumatoid i 4,000 u .M. 5 days 
arthritis q3h 
Tabes 5,000 u | | 24hrs, 
dorsalis 1.M. 

q8h 


different lots used varied in concentration from 350 guinea pig units (@.P.u.) to 5,000 
G.P.U. per ml. A guinea pig unit is defined as that amount of relaxin which will induce an 
unmistakable relaxation of the symphysis pubis in two-thirds of a group of 12 castrated 
guinea pigs weighing between 350 and 800 Gm. Relaxin a used in this study 
were free from the antidiuretic factor (6, 7). 

Dosage schedules. Five different lots of material were used, wntii having a different con- 
centration in G.p.u. per ml. Table 1 shows the great variation in the amounts of relaxin 
administered to the different patients. The reasons for this variation were several. First, 
the initial preparations of relaxin available were relatively low in activity in terms of 
units per ml., compared to later preparations. Second, no information was available as 
to possible toxic effects of the material in humans. For this reason it seemed necessary 
to begin with small doses. As more experience was gained, larger and larger amounts 
were used. Third, the absence of marked clinical or laboratory changes in the early 


s 
is 
ash 
79211 27,500 | 2,500 u 24 hrs. 
stat. 
25,000 u 
by : 
65 M 
C.K. 79 F 
M.P. 52 F 
P.O. 29 M 


534 GERALD T. PERKOFF ET AL. Volume 14 


experiments led to increases in dosages in an attempt to induce changes that might have 
been missed at low dosage levels. For this reason the three-hour interval of injection was 
chosen, although animal work has shown that significant ‘‘relaxin-activity’’ remains 
in the serum as long as six hours after a single injection (4). Three hours was as short 
an interval as could be comfortably tolerated by patients receiving as much as 3 ml. of 
material intramuscularly at a single injection. This dosage schedule allowed the ad- 
ministration of the maximal doses shown in Table 1. 


RESULTS 


Short-term experiments 


Relaxin, in amounts varying from 700 a.p.v. in a single injection to 
40,000 a.p.u. in divided doses over a 24-hour period, had no significant 
effect on the blood pressure, pulse or temperature. The total leukocyte 
count and total eosinophil count were not significantly different from the 
diurnal variation in normal subjects (15). The differential count showed 
occasional rises in the polymorphonuclear leukocytes at eight hours, but 
this varied from patient to patient. Changes in the concentration of plasma 
17-hydroxycorticosteroids during the administration of relaxin were not 
significantly different from the normal diurnal variation (16). 


Long-term experiments 

One patient with terminal Cushing’s syndrome due to carcinoma of the 
right adrenal gland was given relaxin, 8,000 a.p.u. per day for five days. 
This patient’s blood 17-hydroxycorticosteroid level was 64 y per 100 ml. 
of plasma before treatment, and remained at this very high level during 
therapy. The blood pressure, pulse, constitutional symptoms and hemato- 
logic values did not change. The patient expired on the fifth treatment 
day and autopsy revealed massive carcinoma of the right adrenal gland 
with extension into the inferior vena cava. Death was due to pulmonary 
emboli. 

A 63-year-old man with rheumatoid arthritis of four years’ duration 
was studied by a metabolic balance technique and received 12,000 a,p.v. 
of relaxin per day for nine days. No objective or subjective improvement 
took place. The urine output, weight, blood pressure, pulse and tempera- 
ture remained unchanged. No changes were observed in his nitrogen 
balance, serum or urinary sodium and potassium, blood urea nitrogen, 
blood sugar, serum carbon dioxide-combining power, chlorides, or creati- 
nine. The sedimentation rate, hematocrit, leukocyte count, eosinophil 
count, and differential remained the same. The plasma volume was not 
altered. The 24-hour excretion of urinary creatinine increased 120 to 140 
mg. per day over the control period during the last five days of therapy. 
We have no explanation for this finding. 

Immediately following the relaxin treatment period, while the nitrogen 
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balance studies were in progress, this patient was given small amounts of 
cortisone to see if pre-treatment with relaxin enhanced the metabolic 
effects of small doses of adrenal steroids. Cortisone orally, 25 mg. per 
twenty-four hours for four days, and 50 mg. per twenty-four hours for 
two days, induced no objective clinical change. Nitrogen retention of 2 
Gm. per day occurred during the administration of cortisone. The excre- 
tion of nitrogen returned to its former level after the cortisone was stopped. 
No other laboratory changes occurred. These findings are depicted in 
Figure 1. ; 
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Somg/day 


10 bios 3 14 15 16 17 18 19 2021 22 23 24 25 26 27 28 29 30 31 32 33:34 35 
DAY OF EXPERIMENT 
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Fig. 1. Nitrogen and creatinine excretion in Patient W.B. before, 
during and after relaxin administration. 


The small doses of cortisone that were given to the patient just de- 
scribed are not usually associated with changes in nitrogen balance. This 
suggested the possibility that relaxin modifies the effects of cortisone in 
some way, and it was thought advisable to determine the therapeutic effect 
of concomitant administration of these small amounts of cortisone and 
relaxin. Unfortunately, balance studies could not be carried out in the 52- 
year-old woman with chronic rheumatoid arthritis of seven years’ dura- 
tion treated in this manner. 

After an initial period of observation, cortisone, 25 mg. per day, was 
administered orally for four days. No changes in her arthritic state oc- 
curred during this period. For an additional five days estrone sulfate, 
7.5 mg. per day, was added to the cortisone, to prepare for the relaxin ther- 
apy. Relaxin, 32,000 a.p.u. per day, was then given in addition to the 


| 
88 


536 GERALD T. PERKOFF ET AL. Volume 14 


cortisone for four days, the estrogen having been discontinued. No clinical 
improvement took place. The hematologic values were unchanged and the 
plasma 17-hydroxycorticosteroid level was not altered. Urinary 17-keto- 
steroids and 17-hydroxycorticosteroids showed no changes that could not 
be explained by the concomitant administration of cortisone. The increase 
in creatinine excretion which was observed in the first patient with rheuma- 
toid arthritis was not seen in this case. 


Relaxin levels 

Table 2 summarizes the blood relaxin levels in each patient. In all pa- 
tients but 1 (J.S., age 82, 7,350 a.p.u. by subcutaneous infusion), significant 
levels of relaxin were demonstrated in the blood. In no case did the blood 
level rise above 2 G.p.v. per ml. of whole blood, which is the highest level 
observed in human pregnancy (12). 

Administration of the material over prolonged periods of time resulted 
in the continued presence of blood “relaxin activity” throughout the treat- 
ment period in each instance, demonstrating that continued absorption of 
the relaxin was achieved. Consistent levels of 1 a@.p.u. per ml. of whole 
blood were found with the smallest intramuscular dose (8,000 a.P.u. per 
day) at which relaxin levels were measured. This blood level is well within 
the physiologic range (12). However, only limited conclusions regarding 
the metabolism of relaxin in man should be drawn from these data, since 
the standard error of the assay method used is relatively large (13). 


General effects and toxic manifestations 


As already mentioned, treatment with relaxin for short periods of time 
as well as for periods up to nine days in duration had no effect on the 
blood pressure, pulse or temperature. No changes were observed in the 
breasts, pubes, or cervices of the women who received this agent. 

Systemic toxicity was not observed at any dose level'used. All patients 
complained of local pain at the sites of the injection and, in the 2 patients, 
with arthritis, local inflammatory changes prevented continuation of 
therapy for longer periods than already mentioned. Both subjects who 
received subcutaneous infusions of the material experienced moderate 
local tenderness and edema lasting for thirty-six to forty-eight hours after 
the infusions were stopped. In the patient who received 25,000 a.p.u. by 
this route, bilateral saphenous vein thrombophlebitis developed within 
twenty-four hours after the infusion of relaxin was begun. 


COMMENTS 


These studies demonstrate that relaxin can be administered to human 
subjects. Physiologic blood relaxin levels could be attained in the absence 
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TABLE 2, BLOOD RELAXIN LEVELS WITH DIFFERENT DOSAGE AND TREATMENT SCHEDULES 


Time after Blood 
Patient Age Dose of relaxin initial relaxin level 
treatment (a.P.u./ml.) 


hr. 
hrs. 


JS. 82 7,350 @.p.u. by s.c. infusion 
in 4 hrs. 


iw) 
on 


1,000 q 3 hrs. i.m. for 
24 hrs. 


bo 


1,000 a.v.v. q 3 hrs. i.m. for 
5 days 


ooon 


2,500 a.P.u. i.m. stat. and 
25,000 a.p.u. by s.c. in- 
fusion for 8 hrs. 


bo 
aco 


1,500 a.p.u. q 3 hrs. i.m. for 
9 days 


4,000 a.p.u. q 3 hrs. im. 
for 24 hrs. 


— 


4,000 a.p.v. q 3 hrs. i.m. for 
24 hrs. 


bo 


ooo 


0 
4 
1 
4 
5 
1 
7 
8 
4 
0 
4 
8 
4 
2 
4 
7 
1 
4. 
8 
0 
8 
4 
4 


4,000 a.p.u. q 3 hrs. i.m. for 
5 days 


of adverse clinical symptoms. Therefore, our failure to observe consistent 
metabolic or clinical changes in the relaxin-treated subjects cannot be due 
to poor absorption or inadequate levels. 

Although relaxin administration was not associated with metabolic 
changes in our patients, the presence of relaxin or a similar substance in 
the blood of pregnant women suggests that this material may have a physi- 
ologic action in pregnancy. Observations of the effects of relaxin adminis- 
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tration in women of the childbearing age would be desirable. The present 
study indicates that such studies would be practical. 


SUMMARY 


1. Relaxin was administered to 10 human subjects in varying doses. 

2. Experiments of twenty-four hours’ duration showed that relaxin has 
no effect on blood pressure, pulse, temperature, blood count, or the blood 
level of 17-hydroxycorticosteroids. 

3. Two patients with rheumatoid arthritis were treated for four and 
nine days, respectively. One received relaxin alone and one received relaxin 
together with cortisone in small doses. The arthritis did not improve in 
either case. 

4. With the exception of an unexplained rise in creatinine excretion in 
1 patient while he was receiving relaxin, no effect on the metabolic func- 
tions studied in these patients was observed. 

5. One patient with Cushing’s syndrome received relaxin for five days 
without change in the course of his disease or in the level of blood steroids. 

6. Toxic effects consisted only of local pain and inflammation. No 
changes occurred in the breasts, pubes, or cervices of the females treated. 
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INTRODUCTION 


HE close association of the thyroid and adrenal cortex and the de- 

pendence of both organs on the function of the anterior pituitary are 
known. The exact nature of the interactions of these glands is less well 
understood. Although many recent publications (1-5) have reported the 
effect of adrenocortical hormones on thyroid function, little attention has 
been directed to the effect of adrenal insufficiency on the thyroid gland. 
The literature also reflects confusion about the metabolic relationships of 
these glands. 

Very few cases of Addison’s disease with complete clinical appraisal 
of the status of the thyroid and postmortem examination have been re- 
ported since the adoption of the newer diagnostic tests for thyroid func- 
tion. We have reviewed the literature and re-evaluated all cases of Addi- 
son’s disease seen at the University Hospital since 1938, giving special 
attention to clinical and laboratory evidence of thyroid insufficiency. We 
are reporting 35 cases of Addison’s disease, many with extensive studies of 
thyroid function and wish to comment on a high incidence of thyroid 
atrophy and hypofunction in these 35 patients. 


CLINICAL MATERIAL AND METHOD OF STUDY 


During the years 1938-1950 inclusive, among the 206,723 patients examined at the 
University Hospital were 48 cases of adrenocortical insufficiency (Addison’s disease) and 
335 cases of myxedema. Except for several cases of Sheehan’s disease (6) (Simmonds’ 
disease due to postpartum pituitary necrosis) reported elsewhere (7), no patient had 
both myxedema and Addison’s disease. 
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We reviewed all cases of primary adrenal insufficiency with an adequately established 
diagnosis. We studied 11 patients clinically (Numbers 12, 13, 14, 15, 25, 26, 30, 32, 33, 
34, 35, Table 2) and reviewed 24 hospital records. Autopsy protocols were available on 
12 of the 14 patients who died. 

The diagnosis of Addison’s disease was based on the presence of hypotension, weak- 
ness, fatigue and lethargy, gastrointestinal disturbances, weight-loss, pigmentation, and 
electrolyte abnormalities. All, or almost all symptoms were present in every case. In 
recent years many laboratory tests have been performed. Table 1 shows the frequency 
of signs, symptoms and abnormal laboratory findings. 


TABLE 1. ADDISON’S DISEASE: SIGNS, SYMPTOMS, AND LABORATORY FINDINGS 


No. of patients 


Present in 
examined 


Sign, symptom or laboratory finding 


Skin pigmentation 35 
Weakness, lethargy, fatigue 34 
Hypotension (4 normotensive patients received 

adequate therapy) 31 
Nausea and vomiting or diarrhea — 29 
Anorexia 28 
Weight loss 32 
Electrolyte abnormalities 21 
Abdominal cramps or pain 
Hypoglycemia or flat glucose tol. curve 
Diabetes mellitus 
Small heart (x-ray) 
Low urinary 17-ketosteroid excretion 
Significant anemia 
Robinson-Power-Kepler water test (positive) 
Salt craving 
Wilder salt deprivation test (positive) 
Thorn test (positive) 


The following were considered significant: a blood pressure below 100/70; unexplained 
weight loss of 10 pounds or more; serum sodium level below 125 mEq. per liter; serum 
chloride below 87 mEq. per liter; serum potassium above 6.3 mEq. per liter; cardiac 
Danzer ratio of less than 0.4 (transverse heart diameter/transverse chest diameter) ; 
hemoglobin below 10 grams (Haden-Hauser); erythrocyte count less than 3.8 million; 
and a 24-hour urinary 17-ketosteroid output of less than 2.0 mg. (8). The presence of 
normal pituitary function was established by a careful history which revealed no symp- 
toms of anterior pituitary insufficiency, by investigation of gonadal function, and in 6 
eases by direct examination of the pituitary at autopsy. Postpartum pituitary necrosis 
(Sheehan’s disease) was considered adequately excluded if a patient had had a normal 
pregnancy and delivery followed by the re-establishment of normal menstruation (9). 
The presence of heavy pigmentation in all 35 cases was considered strong presumptive 
. evidence for normal pituitary function (10). 
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RESULTS 


Tables 2 and 3 show the clinical and pathologic findings. In the 9 cases 
of simple adrenocortical atrophy, examination of the adrenal region re- 
vealed small remnants of adrenal medulla surrounded by loose connective 
tissue containing collections of lymphocytes. In most cases no cortical 
cells could be identified. In 3 cases autopsy showed tuberculous involve- 
ment with almost complete destruction of cortex and medulla by caseous 
necrosis. 

Every thyroid gland showed some increase in lymphoid tissue. In the 
less severely involved glands focal collections of lymphocytes and lymphoid 
follicles were interspersed among the thyroid acini.' In the more severely 
damaged glands the lymphoid overgrowth was diffuse; thyroid acini 
showed complete encirclement and atrophy. Thus, many thyroid acini were 
small and poorly filled with hyperchromatic colloid. The lymphoid tissue 
often seemed to infiltrate between the individual thyroid acini, surround- 
ing and crushing them. Fibrosis varied in degree. In 2 cases (Numbers 
10 and 12) the gland had completely disappeared. Sections from the peri- 
laryngeal area showed connective tissue containing occasional collections 
of lymphocytes and many large vessels. In 2 additional cases (Numbers 
3 and 9) there was almost complete destruction. Figures 1 through 8 
show the changes in the thyroid glands of several representative patients, 
on whom there were autopsy records. 

In Table 3 the basal metabolic rate, the plasma protein-bound iodine 
concentration and the thyroidal radioactive iodine uptake are recorded 
in Columns 4, 5 and 6, respectively. The basal metabolic rate was deter- 
mined by the method of DuBois (11); the plasma protein-bound iodine in 
the laboratory of Barker (12), and the thyroidal radioactive iodine uptake 
in the Radiation Research Laboratory of the Department of Radiology. 
Only the 24-hour thyroidal radioiodine uptake is recorded. Evidence of 
tuberculosis is listed in Column 7. The cause of Addison’s disease was 
assumed to be primary adrenocortical atrophy if evidence of tuberculosis 
was lacking. 


REVIEW OF LITERATURE 


Innumerable cases of Addison’s disease have been reported since Sir 
Thomas Addison first published his monograph in 1855 (13). These re- 
ports have frequently recorded a slight reduction in the basal metabolic 
rate and/or symptoms suggestive of hypothyroidism; usually these changes 
have been attributed to the adrenal insufficiency. Histologic examination 


1 The term “thyroid acinus” is used in this paper rather than the preferred term 
“thyroid follicle,” in order to avoid confusion with the term “lymphoid follicle.” 
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TABLE 2. ADDISON’S DISEASE: 12 CASES WITH POSTMORTEM EXAMINATION 


Dura- 
tion of 
Add. 
dis. 
(yrs.) 


Hypothyroidism; signs, 
sympts. & pertinent lab. 
findings 


Adrenal 
pathology 


Thyroid; postmortem findings 


2 


Cold intolerance, slowed 
mental activity. 


None. 


Chilly sensations, cold 
intolerance, numb- 
ness, slowed mental 
activity, slow AMR.* 

Small goiter palpable at 
time of final admis- 
sion. 


None recorded. 


History of goiter, but 
none present at time 
of final admission. 

Cold intolerance; dry 
skin. 


Dry scaling skin. PBI 
4.8 and 4.6 micro- 
grams per 100 ml. 

None recorded. PBI 1.3 
and 1.9 micrograms 
per 100 ml. 


None recorded. 


None recorded. Choles- 
terol 165 mg. per 100 
ml, 

History of goiter, slow 
speech, irregular men- 
struation, thick dry 
scaly skin, nonpitting 
edema of face and ex- 
tremities, and cold in- 
tolerance. BMR 
—38% and —43%; 
AMR reduced. PBI 
1.6, 2.9 and 0.6 micro- 
grams per 100 ml. 


Simple 
atrophy 


Tuber- 
culosis 
Simple 
atrophy 


Simple 
atrophy 


Simple 
atrophy 


Tuber- 
culosis 


Tuber- 
culosis 


Simple 
atrophy 


Simple 
atrophy 


Simple 


atrophy 


Simple 
atrophy 


Simple 
atrophy 


Moderate to marked fibrosis and lympho- 
cytic infiltration. Many atrophic acini 
without colloid; others containing scanty 
hyperchromatic colloid. 

Slight interstitial fibrosis; 
atrophic acini. 

Marked fibrosis and lymphocytic infiltra- 
tion; numerous lymphoid follicles. Acini 
atrophic; limited to occasional groups 
surrounded by dense connective tissue. 

Gland slightly enlarged. Moderate to 
marked fibrosis and lymphocytic infil- 
tration. Many lymphoid follicles. Wide 
variation in size and shape of acini. Foci 
of necrosis. 

Gland slightly enlarged and nodular. Mod- 
erate to marked lymphoid infiltration, 
with numerous lymphoid follicles. Min- 
imal fibrosis. Acini predominantly small 
with poor colloid content. 

Moderate fibrosis. Wide variation in size 
and shape of acini. Colloid sparse and 
hyperchromatic. 

Not examined. 


occasional 


Gland small. Moderate lymphoid infiltra- 
tion. Slight interstitial fibrosis. 


Marked fibrosis. Only occasional small 
atrophic acini, with poor colloid content. 
Mild lymphoid infiltration. Acinar cells 
vacuolated. 

Complete absence of thyroid, grossly. His- 
tologic sections from thyroid area did not 
show any recognizable thyroid tissue. 

Grossly normal. No sections available for 
review. 


Complete absence of thyroid, grossly. His- |. 


tologic sections from thyroid area showed 
numerous lymphocytes and large vessels. 
No recognizable thyroid acini. 


? Slight 
increase 

Normal 
sella 
(x-ray) 

Not 
examined 

Normal 
sella 
(x-ray) 


Normal 


* Alternate motion rate. 


** Connective tissue. 
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No. | Sex status 
F examined 
2 59 1 | Normal 
M 
3 27 5 | Normal 
M 
4 24 1 | | Normal 
F 
Not 
F examined 
| 
| 
7 | 48 3 
|| 
F than 
1 
o | | te 
F than 
1 
F 
un |2| Not 
F examined 
2 | 35 | 4 Normal 
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TABLE 3. ADDISON’S DISEASE: 23 CASES WITHOUT POSTMORTEM EXAMINATION 


Column 


No. 


3 


7 


Duration 
of Add. 
dis. 
(yrs.) 


Signs and symptoms of hypothyroidism 


Evidence of 
tuberculosis 


24 
M 
22 
F 

37 
F 

64 
F 

57 
M 
20 
M 
64 
M 
44 
M 
42 
F 

34 
M 
48 
F 

14 
M 
33 
M 
45 
F 

43 
F 

58 
M 
45 
M 


7? 


Dry skin; chilly sensations; cold intol- 
erance. 

Decrease in general activity; rough 
skin; cold intolerance. Myxedemat- 
ous tendon reflexes. Reduced AMR. 

Thick skin; decreased activity. 

None recorded. 


None. 
Cold intolerance. 


None recorded. 

None. Co-existent diabetes mellitus. 

Clinical thyrotoxicosis prior to admis- 
sion. 

None. 

None recorded. 

“Slow reflexes’; hypoactive; dry skin 
with loss of turgor; thick hair. 

None. 

Moderate ichthyosis of skin. 

None. 

Chilly sensations; ‘reflexes dimin- 
ished”’; scaling dry skin. 

None. 

None. 

None. 

Hair and skin coarse and dry. 

Dry thick scaly skin. Slowed reflexes. - 

Dry coarse scaly skin; slowed activity. 


None. 


Calcif. in upper 
abd. (x-ray) 
None. 


Pott’s disease. 


None. 


None. 


Potts disease. 
Calcif. of 
adrenal. 


None. 
None. 
None. 


None. 


Calcif. of lft. 
adrenal. 
None. 


None. 


Calcif. of 
adrenal. 
None. 


Calcif. of 
adrenals. 
None. 


? Old tb. 
pleurisy. 
Pott’s disease. 
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si PBI | Thy- 
Seis Age BMR | ‘micro- | roidal 
Sex per of 
100 ml.) | (%) 
13 41 = -31 
14 56 8 -20 | 2.0 39 
: F 1.8 34 
15 6 7.8 
16 4 -13 
17 7 —20 
died —24 
-9 
18 -27 
—33 
an 
19 1 -13 
-13 
20 5 -9 
=7 
21 2 +14 
22 1 -5 
& 23 1 Pott’s disease. 
: 24 2 None. 
is 25 4 -8 | 4.6 | 25 | Tuberculin 
-15 4.9 4+ 
26 2 Tuberculin 
3+ 
28 1 
29 5 +3 — 
died 
30 2 44] 4.3 17 
31 ? 
32 11 +3 4.8 
a 33 9? -3 6.9 32 
34 411 9.4 14 
35 9 mo. | -16 | 5.9 30 
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Fig. 1. Thyroid, Case #1: The parenchyma is extensively infiltrated by fibrous tissue 


and lymphocytes. The thyroid acini show a wide variation in size with many small acini 
poorly filled by hyperchromatic colloid. (29 x) 


of the thyroid has shown a consistent increase in lymphoid and fibrous 
tissue within the parenchyma of the gland. In view of the widespread and 
multiple actions of adrenocortical hormones, it is probable that adequate 
circulating cortical hormone is necessary for normal thyroid gland activity. 
Thus, reduction in adrenocortical function may cause a decrease in the 
output of thyroxine. In addition, adrenocortical hormones exert a specific 
stimulatory effect on the peripheral activity of thyroxine (1, 14). In an 
attempt to differentiate between these two factors, Thorn (10) has postu- 


Fig. 2. Thyroid, Case #3: The parenchyma is almost completely replaced by lymphoid 
follicles and fibrous tissue. Small, widely separated groups of irregular thyroid acini are 
present. (29x) 


545 


BLOODWORTH, KIRKENDALL AND CARR Volume 14 


Fig. 3. Thyroid, Case #3: High magnification shows the infiltration of both 
lymphocytes and fibrous tissue between the individual acini. (189 x) 


lated that a BMR deficit greater than —20 per cent is necessary before 
a diagnosis of true thyroid insufficiency may be made in a patient with 
Addison’s disease. Similarly, it might be assumed that the plasma pro- 
tein-bound iodine level would be depressed in Addison’s disease. However, 
values below the normal range (3.5 to 8.0 micrograms/100 ml.) in most of 
our patients were associated with either clinical or pathologic evidence of 
hypofunction of the thyroid gland. This fact and the finding of a normal 
plasma protein-bound iodine level in many of the patients, suggest that 


Fig. 4. Thyroid, Case #4: The parenchyma is composed almost entirely of lymphoid 
follicles and fibrous tissue. Occasional widely separated acini are present. Colloid content 
is poor. Focal necrosis is present. (29 X) ; 
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the concentration of plasma protein-bound iodine is not lowered in un- 
complicated Addison’s disease. 

Although the literature abounds in cases of Addison’s disease showing 
frequent signs and symptoms of hypothyroidism, anatomic changes in the 
thyroid gland, and minimal abnormalities revealed by thyroid function 

- tests, mention of extensive thyroid atrophy and laboratory evidence of 
thyroid insufficiency is singularly lacking. Review of the literature reveals 
only occasional cases in which a diagnosis of both Addison’s disease and 


myxedema was made. 


Fig. 6. Thyroid, Case #5: High magnification shows a diffuse infiltration of lympho- 
cytes and fibrous tissue between the individual acini. Note the small, widely separated 
acini, most of which are devoid of colloid. (189 x) 
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Fig. 5. Thyroid, Case #4: High magnification shows a focus of necrosis. (189 X) 
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Fig. 7. Thyroid, Case #8: High magnification shows acini separated by lymphocytes, 
plasma cells and fibrous tissue. (189 X) 


Evaluation of the status of the thyroid in case reports of Addison’s 
disease is difficult, because of incompleteness of many records. However, 
the basal metabolic rate, the only objective test of thyroid function until 
recent years, was occasionally found to be significantly depressed, and 
cases have been reported with extensive thyroid atrophy or symptoms sug- 


gestive of myxedema. 

Falta (15) in 1912 described several cases of multiple endocrine gland 
sclerosis and referred to 9 cases previously reported in which both thyroid 
and adrenal insufficiency were present. However, pituitary sclerosis was 


Fig. 8. Thyroid, Case #9: The parenchyma is distorted by extensive fibrosis, and 
foci of lymphocytes. There is a wide variation in the size of the acini. 


: 
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also present in these cases. The first clear-cut case of thyroid and adrenal 
insufficiency unaccompanied by pituitary insufficiency was reported by 
Schmidt (16) in 1926. His patient had myxedema initially; Addison’s 
disease developed later. In subsequent years several authors (13, 17-27) 
reported similar cases, often under the name of the “Schmidt syndrome.” 
Many of these subsequent cases are difficult to interpret because of limited 
clinical data or incomplete postmortem examination. More recently Demol 
(28) reported a patient with Addison’s disease in whom myxedema de- 
veloped. A postmortem examination was performed and the pituitary 
was histologically normal. March (29) published a clinical study of a young 
girl with both thyroid and adrenal insufficiency who menstruated when 
given thyroid and adrenal replacement therapy and was considered to 
have normal pituitary function. Statland and Lerman (30) have reported 
a case (No. 43) which appears to meet the criteria for inclusion under 
the term “Schmidt syndrome”’; they refer to an additional case followed 
by Querido. Finally, Bernstein (31) has reported a case of diabetes mellitus 
followed by Addison’s disease and myxedema. At autopsy the pituitary 
showed only slight fibrosis; the testes were normal. 


DISCUSSION 


The most consistent finding in our cases was the extensive infiltration 
of the thyroid gland by lymphocytes, with follicle formation and fibrosis. 
Widespread destruction of thyroid acini was present in most cases, with 
complete absence of the gland in 2 cases and almost complete destruction 
in 2 others. Adequate clinical and laboratory data were available for 3 
of these 4 cases. Two of these patients were clearly hypothyroid; the third 
showed clinical signs and symptoms of hypothyroidism but had a normal 
basal metabolic rate. Difficulty was encountered in determining the sever- 
ity and duration of the Addison’s disease prior to the first medical exami- 
nation, but it is probable that the hormone output from the adrenal cortex 
was frequently reduced long before clinical symptoms were noted by the 
patient. ‘ 

In many cases clinical and/or laboratory evidence of hypothyroidism 
appeared after Addison’s disease was established. We have seen no patients 
with myxedema followed by Addison’s disease, as reported occasionally by 
other authors (16). 

Several theoretical reasons for thyroid atrophy or destruction secondary 
to Addison’s disease have been suggested. Brenner (23) postulated that a 
toxic material might cause destruction of both glands. Others have sug- 
gested that both glands were infected by some unknown virus or bacterium 
(23). Schulze and Mellenhoff (32) thought it possible that the basic fault 
was reduction in ACTH output of the pituitary accompanied by reduction 
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in thyrotropic hormone. The first two of these theories are ruled out by 
the sequence of events, and the third has never been thoroughly investi- 
gated in man by newer histologic techniques. 

In histologic studies of the thyroid gland of patients with Addison’s 
disease the outstanding change is lymphoid infiltration. It has been con- 
jectured that the infiltration is secondary to degeneration of the gland 
(33). However, adrenocortical extracts can cause lysis of lymphocytes and 
tend to prevent growth of lymphoid tissue. Since absence of these hor- 
mones, as in Addison’s disease, causes hypertrophy of lymphoid tissue (34, 
35) it is possible that the latter state may result in excessive lymphoid 
proliferation and secondary destruction of the thyroid acini. Such a theory 
would explain myxedema occurring some time after the onset of Addison’s 
disease but not cases with glandular atrophy occurring in the opposite 
sequence. 

Another remote possibility for the association of atrophy of these two 
glands is the accumulation of some unknown antibody in the thyroid 
gland as a result of the loss of the protective effect of adrenocortical hor- 
mones against an unknown antigen-antibody reaction (36). 

There is no doubt that a close interrelationship exists between the 
adrenal and thyroid, probably with two pathways of association, one direct, 
the other through the pituitary. Marine (37, 38) observed that in rats and 
rabbits partial destruction of the adrenal cortex caused an increase in heat 
production. Most of his studies were of short duration, the longest period 
of observation being twenty-three weeks. Thus, the effects he produced 
were acute and not analogous to the situation in the human, in whom the 
onset of adrenal insufficiency is apparently gradual. Of interest in this 
regard is the observation (41) that Addison’s disease is associated with 
hyperthyroidism more often than should occur on a random basis. Other 
authors (23) have pointed out that following a phase of thyroid hyper- 
activity a colloid goiter may develop. The possibility of hyperplasia fol- 
lowed by exhaustion and atrophy has not been adequately excluded. 

When we consider the problem from the aspect of myxedema followed 
by Addison’s disease there is less evidence for a direct relationship. How- 
ever, several authors (39) have reported myxedematous patients with 
abdominal crises, in whom surgical exploration was often followed by 
death. In retrospect, the possibility of associated Addison’s disease might 
have been considered. 

The concept of specific atrophy or degeneration of the thyroid gland 
following adrenocortical insufficiency is presented in this paper. Many 
additional cases of such atrophy must be evaluated and reported before 
this problem can be resolved. It is hoped that this paper will stimulate 
further study of thyroid function in Addison’s disease, and that with 
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additional reports trends will be established which may add to our knowledge 
of the specific functions of these two glands. 


SUMMARY 


Thirty-five cases of Addison’s disease have been reviewed. The presence 
‘of pituitary insufficiency was ruled out by clinical and laboratory evalua- 
tion and autopsy findings. Twelve postmortem examinations were made. 
Four autopsy cases showed absence or almost complete destruction of the 
thyroid gland and 4 others showed extensive destruction by lymphocytic 
infiltration, fibrosis and atrophy of thyroid acini. Nine of the 35 patients 
were clinically hypothyroid, and many of the others showed symptoms 
which could be attributed to hypothyroidism; 7 showed definite laboratory 
evidence of hypothyroidism. In 2 patients with clinical evidence of myxe- 
dema, tests showed normal thyroid function; but in 4 patients whose tests 
showed abnormal thyroid function there was no clinical evidence of hypo- 
thyroidism. Thus in 13 cases there was either clinical or laboratory evi- 
dence of hypothyroidism, and in almost all there were some clinical labora- 
tory or anatomic thyroid abnormalities. Possible mechanisms for combined 
adrenocortical and thyroid atrophy are discussed. 
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PRIMARY MYXEDEMA WITH SECONDARY 
ADRENOCORTICAL FAILURE 


ALTON M. PAULL, M.D. anp ROSWELL W. PHILLIPS, M.D. 
The Medical Service, Veterans Administration Hospital, Davis Park, Providence, R. I. 


EFICIENCY of thyroid hormone is known to result in generalized 

alteration in cellular function. Most commonly the clinical manifes- 
tations of myxedema are noted in the skin, musculature, and cardiovascular 
and central nervous systems. Less emphasized is the effect of deficient 
thyroid hormone on the other endocrine glands, particularly the adrenals. 
Hypofunction of the adrenal cortex has been shown to occur in patients 
with myxedema (1). 

The manifestations of these secondary effects on endocrine function 
may overshadow the changes resulting from myxedema, and mask the un- 
derlying primary disease. The following is considered a case of primary 
myxedema in which the presenting findings were those of adrenocortical 
insufficiency: 

CASE REPORT 


Case #13343—A 32-year-old white male of Portuguese extraction was admitted in 
October 1952, to the Neuropsychiatric Service of the Providence Veterans Hospital with 
a diagnosis of neurasthenia. The patient stated that he was well until two years prior to 
admission, when progressive weakness and fatigue had developed. About that time his 
wife died following childbirth. As time went on, the weakness became so pronounced 
that the patient was unable to continue working as a construction laborer. Other com- 
plaints included a dull aching pain in the region of the left maxilla, vague gastro- 
intestinal disturbances, and a sense of ‘‘unsteadiness” but not true vertigo. He had lost 
10 pounds in weight. 

Physical examination: The blood pressure was 90/70, the pulse 80, respirations 18 
and temperature 98° F. The patient was a thin male who spoke in a low, monotonous 
tone of voice. He gave the impression of being mentally dull, and volunteered no in- 
formation spontaneously. There was a moderate pallor of the conjunctivae. The skin 
was dry with little or no perspiration. There was-a general bronzing of the skin with 
patches of dark brown pigmentation over the forehead (Fig. 1) and small brown and 
black spots on the lips and on the shaft of the penis. The mucous membranes were 
normal. The hair distribution and genitalia were normal. The remainder of the examina- 
tion was not remarkable. 

Initial laboratory studies revealed the following: hemoglobin 12 Gm., hematocrit 40, 
RBC 4.4 million per cu. mm., WBC 7,100, polys 67 per cent, lymphocytes 32 per cent 
and monocytes 1 per cent. The blood urea nitrogen level was 12 mg. per 100 ml., and 
the Kahn test gave a negative reaction. The urine was normal. 
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The medical consultant who was asked to evaluate this patient was initially impressed 
by the asthenia, pigmentation and hypotension. Tests of adrenal function were per- 
formed. The eosinophil count was 181 per cu. mm. initially and after stimulation for 
forty-eight hours with ACTH (20 mg. every six hours) there was no significant change. 
The Kepler-Power water test gave positive results (Fig. 4). The urinary 17-ketosteroids 
were 4.3 mg. per twenty-four hours. Serum sodium and potassium determinations were 
not available early in the study. The standard glucose tolerance test showed: fasting 
blood sugar, 70 mg. per 100 ml.; 1 hour, 126 mg.; 2 hours, 89 mg.; and 3 hours, 73 mg. 


Fig. 1. Before treatment with thyroid. 


A roentgenogram of the chest was not remarkable, the heart being normal in size. A 
flat film of the abdomen failed to show calcification in the region of the adrenals. Skull 
films showed no abnormalities. 

The failure of the eosinophil response to ACTH, the low urinary 17-ketosteroids and 
the positive findings with the Kepler-Power water test seemed to substantiate the diag- 
nosis of Addison’s disease. The patient was started on 2 mg. of DCA daily. The amount 
was gradually increased to 4 mg. daily, but except for a moderate increase in blood pres- 
sure, no convincing general improvement occurred. Cortisone was added to the regimen 
for several days, but was also without apparent benefit. 

On re-evaluation of the patient it was noted that he had slight but definite edema of 
the eyelids. A history of loss of hair, intolerance to cold and an absence of sweating was 
elicited. 

Further laboratory studies then gave clear evidence of hypothyroidism. The BMR 


# 
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was —30 per cent. The concentration of serum protein bound iodine (PBI) was 1.1 
micrograms per 100 ml., of cholesterol 260 mg. per 100 ml., and of cholesterol esters 73 mg. 
per 100 ml. The electrocardiogram showed low voltage. Tests of pituitary function re- 
vealed a normal insulin tolerance curve but the urinary follicle-stimulating hormone 
(FSH) was less than 6.5 mouse units per twenty-four hours. Further tests on serum 
showed a thymol turbidity of 6 units, bilirubin 0.2 mg., albumin 4.5 Gm. and globulin 
2.8 Gm. per 100 ml.; the chloride level was 98 mEq./L. 

In view of the finding of thyroid deficiency, the patient was started on desiccated 


Fig. 2. After nine months of treatment 
with thyroid. 


thyroid in addition to DCA. Soon after thyroid was begun, striking subjective and 
objective improvement was noted. Scaling of the skin and disappearance of the edema 
of the eyelids occurred. There was an increase in energy and appetite. His facial expres- 
sion became bright and alert in contrast to his former apathetic appearance. At this 
point he was receiving 6.5 mg. of DCA and 2.5 grains of thyroid daily. 

The serum PBI level, the BMR and the blood count became normal. DCA was 
gradually decreased and was finally omitted (Fig. 3). The clinical improvement was 
maintained on thyroid therapy alone. The Kepler-Power water test showed less positive 
findings for Addison’s disease and finally a normal result was obtained. The eosinophil 
response to ACTH gradually over nine months also became normal. The urinary 17- 
ketosteroids rose from 4.3 mg. to 10.3 mg. per twenty-four hours over the nine-month 


period also. 
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The patient was given a modified Cutler-Power-Wilder salt restriction diet (2), which 
was continued for one week. No deleterious clinical or laboratory changes occurred. 
During the hospital stay, all his teeth were extracted, with the subsequent disappearance 
of the pain in the region of the maxilla. On discharge he was told to take 1 grain of 
thyroid daily. 

When seen during a follow-up visit nine months later (Fig. 2), he was clinically well 
without therapy other than desiccated thyroid, although the serum PBI level and the 
BMR were somewhat lower than had been noted previously. Because of this, the amount 
of thyroid was increased to 1} gr. daily. 


MYXEDEMA WITH ADRENAL INSUFFICIENEY 
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Fic. 3. The pertinent laboratory data, and responses to therapy. 


At the time of the most recent follow-up visit, further studies were made. The ad- 
renal gland was stimulated with 40 units of ACTH Gel twice a day for five days. Prior 
to stimulation, the urinary 17-ketosteroids were 10.3 mg. per twenty-four hours and the 
oxysteroids 1.28 mg. Following stimulation, the urinary 17-ketosteroids were 12.7 mg. 
and the oxysteroids 1.97 mg. per twenty-four hours. 


DISCUSSION 


There seemed to be clear evidence of depression of both adrenal and 
thyroid function in this patient. Adrenal insufficiency was manifested by 
pigmentation, hypotension, weight loss, asthenia, positive findings with 
the Kepler-Power water test, lack of eosinophil response to ACTH, low 
urinary 17-ketosteroids and a flat glucose tolerance curve. 
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Evidence of myxedema included edema of the eyelids, dry skin, lack of 
sweating, sensitivity to cold, low-pitched voice, lethargy and drowsiness, 
loss of hair, low BMR, a serum PBI level of 1.1 micrograms per 100 ml., 
low voltage in the EKG and, of great importance, the response to thyroid 
therapy. 

The problem of deciding upon the primary underlying disease process 
was a matter of considerable interest and practical importance. Three 
possibilities were considered: 1) independent primary hypofunction of 


KEPLER POWER WATER TEST 


10PM TO 7AM 1 HR. 2 HR. 3 HR. 


perore THERAPY 


3MO. AFTER THYROID THERAPY WATER 20CC. PER KILO BODY WeT. 


Fia. 4. Results of the Kepler-Power water test before treatment, after three months, 
after five and a half months, and after nine months of treatment with thyroid. 


both the thyroid and adrenal glands (Schmidt syndrome), 2) primary pitui- 
tary failure with lack of adrenotropic and thyrotropic hormones, resulting 
in secondary adrenal and thyroid insufficiency, and 3) primary thyroid 
hypofunction with secondary adrenal deficiency. Distinguishing between 
these entities is often difficult. A source of difficulty in differentiation be- 
tween primary pituitary and thyroid hypofunction is the fact that primary 
myxedema may result not only in secondary adrenal hypofunction as 
noted, but myxedematous changes may also depress the function of the 
pituitary (1). Thus one may find hypofunction of the thyroid, adrenal 
and pituitary in both primary myxedema and primary hypopituitarism. 
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The following figure is illustrative: 


Myxedema Hypopituitarism 


Pituitary ——~Adrenal Thyroid Adrenal 
deficiency insufficiency deficiency insufficiency 


In this case, evidence of partial pituitary failure was found. Although 
gonadal function seemed intact, as manifested by apparent normal sexual 
function, the level of urinary FSH was below the limits of normal. However, 
the urinary 17-ketosteroids, although low, did not reach the levels usually 
seen in primary pituitary disease (3), and the insulin tolerance curve was 
not characteristic of that seen in pituitary insufficiency (4). Marked pig- 
mentation, such as that observed in this patient, is unusual in secondary 
adrenocortical atrophy from primary pituitary disease (1, 5). Moreover; 
patients with pituitary myxedema do not show the striking favorable 
clinical response to thyroid therapy that this patient did (6). Although 
some pituitary dysfunction was probable, hypopituitarism was not felt 
to be the primary problem. 

The possibility of primary disease of both the thyroid and adrenal 
seemed unlikely, as clinical remission was maintained by thyroid alone 
without additional adrenal supportive therapy, even during an induced 
period of salt restriction. It has been noted that in patients with Addison’s 
disease acute adrenocortical failure may occur when thyroid is adminis- 
tered (6, 7). Characteristically, in reports of the Schmidt syndrome, the 
thyroid lesions are noted only at necropsy with little mention being made 
as to whether the patients were clinically myxedematous (1, 8). Demol 
and Herlant (8) believed that thyroid insufficiency was due to massive 
lymphocytic infiltration secondary to lymphoid hyperplasia resulting from 
lack of adrenocortical hormones. 

This patient’s illness seems to be best explained as primary oxpaiedinas 
with secondary hypofunction of the adrenal cortex and, to some extent, hy- 
pofunction of the anterior pituitary. The most convincing evidence that the 
adrenal insufficiency was a secondary effect of myxedema was the gradual 
and sustained return of adrenal function to normal over a nine-month 
period of treatment with thyroid alone. It has been shown in similar cases 
that if the myxedema is treated early, complete recovery of adrenal func- 
tion occurs, whereas in long-standing untreated cases, permanent func- 
tional damage to the adrenal is not uncommon (1). 
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SUMMARY 


A case of primary myxedema with secondary adrenocortical insufficiency 
is presented. 

The problem of diagnosis of multiple endocrine deficiencies is briefly 
considered. 

Attention is drawn to the effect of myxedema on the function of other 
endocrine glands. 
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CORTISONE AND ACTH IN THE TREATMENT OF 
LOCALIZED THYROTOXIC MYXEDEMA: 
REPORT OF A CASE 


_  KNUT KIRKEBY, M.D. 
The Department of Medicine, Drammen Hospital, Drammen, Norway 


OCALIZED thyrotoxic myxedema is a comparatively rare condition (1). 

Up to 1949 only about 100 cases had been reported (2, 3). The condi- 

tion occurs in persons who have, or have had thyrotoxicosis, but does not 

seem to bear any relationship to the severity of this disease (4). The local- 

ized myxedema is almost invariably associated with exophthalmos, fre- 
quently the progressive form (3, 5). 

The myxedematous changes appear in patches of definite outline local- 
ized to the anterolateral aspects of the legs, and may also involve the 
dorsal surface of the feet, the face and the eyelids. The skin in the affected 
area is thickened, elevated, and may have a yellowish or erythematous 
color. In some cases small nodules of a waxy yellow color may be found in 
‘the affected area. Dilated follicles may give the lesion a pigskin-like ap- 
pearance, and a growth of dark hair has also been described in some in- 
stances. There is no pitting on pressure, but subcutaneous injection of 
hyaluronidase leaves a definite impression at the injection site (6, 7). 
The myxedematous tissue has been shown to contain large amounts of 
hyaluronic acid (7). The lesion has a characteristic microscopic appearance 
in the advanced stage (38). 

The condition may be seen in untreated cases of thyrotoxicosis, but it 
may be aggravated by a rapid fall of the basal metabolic rate as a result 
of surgical or medical treatment (5). In other cases the lesion may not 
become manifest until after the thyrotoxicosis has been controlled. The 
condition is painless and usually does not give rise to significant discom- 
fort apart from the cosmetic symptoms. 

To date, no treatment has been very effective, although some authors 
have reported good results from local a of hyaluronidase followed 
by pressure bandages (3). 

The following case as observed in the Medical Department of Drammen 
Hospital, was found to respond very favorably to treatment with ACTH 
and cortisone: 
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CASE REPORT 


A 62-year-old woman was admitted on August 21, 1951, because of increasing weak- 
ness, nervousness and tremor of the hands associated with palpitation and diffuse pain 
in the chest of about three months’ duration. There had been some loss of weight, and 
she had experienced swelling of the eyelids, the legs and the feet. Further, the patient 
had noticed an increasing swelling of the neck in the area corresponding to the right 
lobe of the thyroid gland. The basal metabolic rate, as estimated on two occasions 
shortly before admission was +53 and +39 per cent, respectively. There was no history 
of significant illness in the past. 

Physical examination showed a diffuse swelling of the thyroid gland with a hazel-nut 
sized nodule in the right lobe. The skin was hot, and there was some tremor of the hands, 
but no exophthalmos. There was a non-pitting edema of the legs and the dorsal sur- 
faces of the feet. In these areas the skin was thickened, desquamated and erythematous. 
The eyelids were pale and edematous. 

The pulse rate was 80 and the blood pressure 135/70. The blood sedimentation rate 
was 5 mm., hemoglobin 90 per cent, serum protein concentration 6.2 Gm. per 100 cc. 
and serum cholesterol concentration 116 mg. per 100 cc. Repeated determinations of the 
basal metabolic rate gave readings of +47, +42 and +31 per cent, respectively. Elec- 
trocardiographic tracings showed a left axis deviation, but were otherwise normal. The 
urine was normal. 

The condition was diagnosed as a thyrotoxicosis, and treatment was started with 
methylthiouracil in a dosage of 0.20 Gm. daily. 

At the time of a check-up examination one month later the patient stated that she 
felt much better, especially with regard to fatigue and nervousness. The BMR was +17 
per cent. After two months it was —3 per cent and after three months —5 per cent. 

The swelling of the legs and feet, however, had increased during the period of treat- 
ment, For this reason the patient was readmitted on January 16, 1952. On this occasion 
the cutaneous changes were considerably more marked than five months earlier. The 
anterolateral aspects of the legs and the ankle regions were the site of irregular swellings 
of de” .ite outline. The skin in these areas was thickened, had a leather-like appearance, 
a pinkish color and showed discrete desquamation. Collections of partly confluent pap- 
ules, 2-3 mm. in diameter, and small firm nodules were seen in the affected areas, and a 

growth of dark, stiff hairs was said to have developed during the preceding few months. 
There was also some induration of the skin on the extensor surface of the right forearm. 
The edematous changes of the eyelids were still present. A moderate bilateral exoph- 
thalmos had developed; exophthalmometric readings were 21 mm. (Hertel). The BMR 
was +8 per cent. An insulin-glucose tolerance test gave normal results, and the eosino- 
philic response to ACTH was normal. Subcutaneous injection of a small dose of hy- 
aluronidase into the affected area produced a deep impression at the injection site within 
thirty minutes. 

The consulting dermatologist (Prof. Dr. Med. N. C. G. Danbolt, Oslo) considered the 
lesion consistent with the diagnosis of localized myxedema. A biopsy of the lesion of 
the right leg was reported to show changes characteristic of localized myxedema (Prof. 
Dr. Med. L. Kreyberg, Oslo). 

On the second admission, the white blood cell count was 900. This was considered 
indicative of drug intoxication and the methylthiouracil medication was discontinued. 

’ The patient was much troubled by the myxedematous lesion of the legs. For that 
reason cortisone and later ACTH were given in an attempt to improve the condition. 
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During a four-week period she received a total of 700 mg. of cortisone by mouth and 
250 mg. of ACTH intravenously (12.5 mg. daily by intravenous drip). Under this treat- 
ment the cutaneous changes showed considerable regression. The swollen, leathery skin 
became softer, the edema of the legs subsided, and a reduction of the edema of the 
eyelids was also observed. There was a partial relapse, however, within two months after 
discontinuance of the ACTH therapy, but spontaneous remission subsequently occurred. 
On re-examination in July 1953 the localized myxedematous changes had disappeared, 
with the exception of a small patch on the anterior aspect of the right leg. 

Under ACTH treatment the exophthalmos was also considerably reduced; exophthal- 
mometric readings were 18 mm. for the left eye, and 16 mm. for the right eye. The BMR 
remained normal after the omission of methylthiouracil. 


DISCUSSION 


The cause of thyrotoxic myxedema is unknown. The fact that it so 
often occurs in association with exophthalmos has been considered sug- 
gestive of a common genesis of the two conditions (3). The cause of exoph- 
thalmos is also obscure (8), although it is generally thought to be due to 
overproduction of the thyrotropic hormone or some other pituitary factor. 
In one case of localized myxedema an increased urinary excretion of thyro- 
tropin has been demonstrated (5). The aggravation of exophthalmos and 
of the localized myxedema which frequently follows surgical or medical 
therapy of the thyrotoxicosis, can be explained if these conditions are 
caused by the thyrotropic hormone. Thyroidectomy or treatment with 
- antithyroid drugs results in a decreased production of thyroxine, which is 
a powerful inhibitor of thyrotropin. 

ACTH and cortisone probably exert an inhibiting effect upon thyro- 
tropin (9), and these hormones have proved effective in the treatment of 
exophthalmos (10). 

The observations in the present case seem to indicate that not only the 
exophthalmos but also the localized myxedema may regress under ACTH 
therapy. It is not evident, however, whether the effect is due to depression 
of the thyrotropic hormone or to the direct action of the adrenocortical 
steroids on the affected tissues. It has been shown that ACTH and cortisone 
cause a marked reduction of the concentration of hyaluronic acid in the 
subcutaneous tissues (11). 

In many of the reported cases of localized myxedema the disease has 
shown a tendency to spontaneous remission after months or years. If the 
symptoms give rise to discomfort, as in the present case, ACTH therapy 
may be worth a trial in order to speed up the spontaneous regression. 

A combination of ACTH and estrogen may seem an even more rational 
form of treatment. Estrogen is known as an inhibitor of the thyrotropic 
hormone (5) and is said to counteract some of the side-effects of ACTH 


therapy (12). 
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SUMMARY 


A case of localized thyrotoxic myxedema in the pretibial region and the 
eyelids is reported. Rapid regression of the localized myxedema as well as 
of the co-existing exophthalmos was observed under ACTH and cortisone 
therapy. 
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IMPAIRED ORGANIC BINDING OF RADIOIODINE 
BY THE THYROID FOLLOWING RADIOIODINE 
TREATMENT OF HYPERTHYROIDISM* 


RICHARD H. KIRKLAND, M.D.f 
Department of Medicine, Medical College of Virginia, Richmond, Virginia 


HERE have been several attempts to demonstrate a change in thy- 

roid physiology following irradiation with radioiodine. Skanse (1) 
was able to show in chicks that the thyroid lost its ability to retain large 
doses of radioiodine and that its growth response to thiouracil and thyro- 
tropic hormone was diminished following large doses of the isotope. On 
the other hand, Salter (2), using the thyroidal radioiodine uptake, serum 
protein-bound iodine concentration, and the rate of turnover of radio- 
iodine into thyroxine, came to the conclusion that no appreciable change 
in thyroid function occurs in humans following therapeutic dosage with 
radioiodine. Evidence will be presented here of a specific change in thy- 
roid function following such therapy. 

The work of McGinty and Sharp (3) in 1946 showed that radioactive 
iodine trapped by a thyroid gland which is under the effect of thiouracil 
remains in the inorganic form. Organic binding of the trapped iodide does 
not occur. This work was later confirmed by VanderLaan and VanderLaan 
(4). It has been shown that the administration of stable, inorganic iodide 
in doses sufficient to raise the serum iodide level to 20-35 micrograms per 
100 cc. also results in impairment of organic binding of the trapped iodide 
(5, 6, 7, 8). ; 

In both of these circumstances, in which organic binding is blocked, the 
thyroidal radioiodine uptake curve reveals distinct and characteristic 
changes. The uptake progresses rapidly during the first one to two hours, 
as described by Stanley and Astwood (9), but reaches its maximum point 
rapidly so that after two hours there is no further increase. This is demon- 
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strated in Figure 1 and is in marked contrast to the normal curve, in which 
uptake is progressive after three hours. 

The uptake under these circumstances is a reflection of the establish- 
ment of the thyroid iodide:serum iodide ratio, or saturation of the thyroid 
trap for iodide. The amount of iodide in the gland then gradually falls in 
proportion to the urinary excretion. The thyroid iodide :serum iodide ratio 


TYPICAL BLOCKED CURVE 


36; 
32; 
28- 
24- 
20- 

164 


HOURS 


Fie. 1. Type of thyroidal uptake curve of radioiodine seen under the effect of thioura- 
cil or large amounts of inorganic iodide. Organic binding is blocked. Note that maximum 
uptake is reached within first two hours. Dotted line represents maximum normal up- 


take curve for comparison. 


is maintained until all iodide is excreted, or until the block to organic bind- 
ing is released. 

The shape of the normal radioiodine uptake curve depends on at least 
two functions—the ability of the thyroid to trap iodide and to bring about 
its organic binding. The thyroid iodide : serum iodide ratio is reached within 
the first two hours and is a measure of the iodide trapping mechanism. 
This function is abolished by the presence of the thiocyanate radical. 
Organic binding of iodide by the thyroid may be blocked by antithyroid 
drugs or by large doses of stable iodide. Under the influence of these drugs 

no increase in radioiodine uptake occurs after the second hour. When an 
uptake curve reaches its maximum within the first two hours after the 
tracer dose is given, it indicates that organic binding of iodine by the thy- 
roid is blocked. 

In a review of the records of 33 patients with hyperthyroidism who had 
been treated with radioiodine since January 1952, in the Radioiodine 
‘Laboratory at the University of California, it was noted that 6 patients 
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had not yet reached euthyroidism at the time of this review. The treatment 
of these patients was not completed and they were discarded from the 
series. Of the remaining 27 adequately treated cases, 17 (63 per cent) 
showed, on follow-up testing, the type of uptake curve which seems typical 
of impaired organic binding ability. The follow-up tests were usually per- 
formed eight weeks after the treatment dose of radioiodine. This type of 
curve was a transient one which persisted for varying lengths of time from 
two to several months after treatment. In reviewing these cases, the blocked 
or “injury curve’’ has been defined as one which reaches its maximum with- 
in the first two hours following the tracer dose, with no significant further 
increase at three hours. Figure 1 is a representative example of this type of 
curve. This definition applies as well to the uptake curves described by 
Stanley and Astwood in patients receiving iodides or antithyroid drugs, 
in whom organic binding is known to be blocked. 

The similar shapes of the uptake curves in cases of hyperthyroidism 
treated with radioiodine and in cases in which organic binding is known to 
be blocked by drugs suggested that radioiodine therapy also results in a 
defect or block in organic binding ability. This led to the following studies. 


METHODS 


Radioactive iodine uptake studies were performed by the technique of Miller et al. 
- (10), with the counting distance 30 centimeters instead of 40 centimeters, in 20 patients 
who were referred to this laboratory for evaluation of thyroid function. There were 7 
cases of clinical hyperthyroidism and 13 cases of clinical euthyroidism in this control 
group. None was receiving drugs at the time of the study or during the month preceding 
the study. Determinations of uptake were performed at approximately one and three 
hours following a tracer dose of approximately 50 microcuries of radioiodine. Immedi- 
ately following the three-hour determination, a dose of 2 grams of sodium thiocyanate 
was given by mouth and determinations of uptake were made at fifteen-minute intervals 
for at least two hours. The lowest radioiodine content of the thyroid following the ad- 
ministration of the sodium thiocyanate was then expressed as a percentage of the radio- 
iodine content of the thyroid immediately before the drug was administered. This per- 
centage was considered to represent the fraction of the iodide which had become or- 
ganically bound, since all of the iodide discharged by the sodium thiocyanate is known 
to be inorganic (9). This technique is in agreement with that of Stanley and Astwood (9) 
in determining the degree of organic binding of iodide by the thyroid. 

The same study was then performed on 10 patients with hyperthyroidism who had 
been treated with radioiodine, all of whom showed the “injury type” of uptake curve 
which is characteristic of deficient or blocked organic binding. The most recent treatment 
dose of radioiodine received by any patient in this group had been administered at least 
eight weeks prior to the time of this study. 


‘RESULTS 


As demonstrated in Table 1, the control group of cases revealed an aver- 
age of 96.6 per cent organic binding of the trapped iodide, with a standard 
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deviation of +4.8 per cent. This represents an average loss of 3.4 per cent 
of the trapped iodide following administration of thiocyanate. 

The group of patients which had been treated with radioiodine for hyper- 
thyroidism revealed an average of 45.9 per cent organic binding of the 
trapped iodide, with a standard deviation of +24.5 per cent. This repre- 


TABLE 1. PERCENTAGE OF RADIOIODINE RETAINED IN THE THYROID AFTER 
ADMINISTRATION OF THIOCYANATE 


retained (%) 


Group treated with I! 


Control group 


Patient No. 1—32.5 


Patient No. 1— 95.8* 


2—100.0* 2—47.2 
3—100.0 3—82.5 
4—100.0 4—25.6 
5—100.0 5—52.4 
6— 92.8* 6—27.0 
7—100.0 7—65.7 
8—100.0 8—46.7 
9— 93.7 9—79.7 
10— 91.6 10— 0.0 
11— 98.2 
12— 95.5 
13— 98.8 
14— 99.1 
15—100.0 
16— 99.7* 
17— 93.2* 
18— 80.0 
19—100.0* 
20— 94.0* 
Average 96.6+4.8 45 9424.6 


* Hyperthyroid. 


sents an average loss of 54.1 per cent of the trapped iodide following ad- 
ministration of thiocyanate. 
Figure 2 shows the type of response to willie thiocyanate seen in each 


group. 


DISCUSSION 


There is significant difference between the amounts of radioiodine dis- 
charged from the thyroids of control and of hyperthyroid patients treated 
with radioiodine, when sodium thiocyanate is administered during the 
course of an uptake study. From these results it would seem that organic 
binding of iodide is impaired in patients treated with radioiodine, compared 


pres 
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with patients in the control group. This is good evidence for a marked 
change in thyroid function following radioiodine therapy. This change in 
function is a very specific effect and is similar to that produced by anti- 
thyroid drugs or large doses of inorganic iodide. It should be noted that 
the high thyroid iodide:serum iodide ratio or increased iodide trapping 


RESPONSE OF CONTROL AND 
TREATED GROUPS TO THIOCYANATE 


Gm # P.O. 


60- 
c.M. 


Gm # 


HOURS 


Fig. 2. Curve labelled C. M. is that of a patient in the control group, showing the 
response to thiocyanate 7.e. 99.1 per cent organic binding of the trapped iodide. Curve 
labelled E. S. is that of a patient in the treated group, showing the response to thio- 
cyanate. Note that the three-hour uptake is not increased over the one-hour uptake. 
Curve E. 8. shows 32.5 per cent organic binding after thiocyanate. 


ability of the thyroid may remain for some months following radioiodine 
treatment. This again indicates the specificity of the radioiodine action. 

It is believed that this effect of radioiodine on organic binding of iodide 
is probably present in most cases of hyperthyroidism treated with radio- 
iodine at some time after the treatment. As it is a transient state which 
may disappear after a few weeks or months, the follow-up study must be 
repeated at just the right time after treatment in order to demonstrate 
the impairment. This may account for the fact that it has not been seen 
in all cases. It is necessary to determine the uptake two and three hours 
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after the administration of a tracer dose to demonstrate the characteristic 
“injury curve.” A single point at any time after two hours would be of 
no value in detecting this effect. 

The “injury curve’’ has also been observed in 1 patient with hyperthy- 
roidism who received x-ray therapy. Unfortunately, thiocyanate studies 
were not made in this case, and no other cases treated with x-ray have been 
observed. It is believed, however, that this defect in organic binding is a 
true radiation effect. 

This type of uptake curve and its response to the administration of 
sodium thiocyanate may be helpful in predicting the subsequent course of 
patients treated with radioiodine. Two patients showed the curve char- 
acteristic of blocked organic binding eight weeks following their thera- 
peutic dose of radioiodine. Both were still clinically toxic and the basal 
metabolic rates and serum protein-bound iodine levels were still elevated. 
However, the blocked curve suggested that thyroid hormone production 
was not occurring and, on the basis of this finding, no further treatment 
was given. One month later both patients were clinically euthyroid and 
the laboratory findings were normal. 


SUMMARY 


The administration of sodium thiocyanate during a tracer study per- 
formed eight weeks after the treatment of hyperthyroid patients with 
radioiodine brings about a rapid discharge of the trapped tracer iodide from 
the thyroid. This seems to indicate that many cases show impaired organic 
binding of trapped radioiodine eight weeks after therapy. It is suggested 
that radioiodine acts upon the thyroid in such a manner as to prevent or 
impair organic binding of the trapped iodide. 
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EFFECT OF THYROTROPIN ON CHANGES IN THY- 
ROID FUNCTION FOLLOWING ADMINISTRATION 
OF I* TO EUTHYROID CARDIAC PATIENTS* 
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anp J. FISHMAN, M.D. 
The Department of Medicine, Harvard University Medical School, Boston, and the 


Medical Service and Medical Research Department of the Yamins Research 
Laboratories of the Beth Israel Hospital, Boston, Massachusetts 


REVIOUS studies (1) from this laboratory have correlated the his- 

tologic changes in the thyroid gland with the amount of radiation 
delivered by the administration of large doses of I'*! to euthyroid cardiac 
patients. In 2 cases, postmortem studies were carried out seven days after 
administration of 17 and 20 millicuries of I delivering approximately 
14,000 and 30,000 rEP; no histologic changes were noted which could be at- 
tributed to I'*'. Other published data (2), however, indicated substantial 
alteration in thyroid function at comparable time intervals following simi- 
lar doses of radiation, manifested by a significant depression of thyroidal 
I'5! uptake and an increased rate of I! turnover. This apparent contradic- 
tion (7.e., altered function in the presence of normal histology) raised the 
question whether the observed alterations in thyroid function consequent 
to I! radiation were reversible. The present study presents further data 
on the uptake and turnover of multiple large doses of I'* by the thyroid, 
and describes the reversal by thyrotropic hormone (TSH) of the I"*! radia- 
tion-induced alterations of thyroid function. 


METHODS 


Studies of the effect of TSH on thyroidal I'*! uptake and turnover were carried out in 
8 patients with angina pectoris or congestive heart failure. Six were male and 2 were 
female; their ages ranged from 39 to 75 and averaged 58 years. The selection of patients 
and methods of study have been previously described (3). Following a therapeutic dose 
of I'*!, the 24-hour thyroidal uptake of I'*! and the biologic half-life (BHL) were meas- 
ured by the 4GM-tube method previously described (4). The uptake and turnover of 
the second dose were calculated by subtracting the extrapolated counts of the first dose 


ws Received for publication August 10, 1953. 
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ie Energy Commission (Contract No. AT(30-1)-916), the Office of Naval Research, De- 
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from the total observed counts (Fig. 1). The potency of the thyrotropin! utilized in this 
study (Lot #R91075) was stated to be equivalent to 25 mg. of the Armour 2R3 standard 
and had been assayed at 12.1 +1 v.s.P. units per vial. The contents of a vial were dis- 
solved in 1 cc. of isotonic sodium chloride and injected deep into the deltoid muscle. 
A dose of I'*! was administered immediately after the last injection of thyrotropin. 


RK. 49 YRS. $ RHD, CHF 


20 MG MC 
90 J 
wag 
80 
URINE EXCRETION 
(CUMULATIVE ) 
70 
60 
50 50 
2 TOTAL THYROID GLAND COUNTS KE 
Ww aan 
ao 40 NET THYROID COUNTS 40 
W CORRECTED FOR 
FIRST DOSE 
30 3.0 
3 
20 200 
10 
UPTAKE 
9 10 tl 2 3 4 5 6 I7 18 19 20 21 22 23 24 25 
SEPTEMBER 
Figure 1 
RESULTS 


Table 1 summarizes data on the thyroidal uptake and turnover in 17 
euthyroid cardiac patients with angina pectoris to whom multiple doses of 
I'l were administered without thyrotropin. The 24-hour thyroidal uptake 
of a second therapeutic dose of I'*!, administered seven to fourteen days 
after the first dose, was markedly diminished and was turned over at a 
more rapid rate (7.e., with a shorter BHL) than the first dose. The 24-hour 
thyroidal uptake of the initial therapeutic dose of 5.3 to 28 millicuries of 
I’! averaged 32 per cent (range 16 to 53) and the BHL averaged 6 days 
(5.3 to 8.0). The uptake of the second dose, however, averaged only 10 
per cent (3 to 18 per cent) and the BHL averaged 2.1 days (0.4 to 8.0). 


1 We are indebted to the Armour Laboratories, Chicago, Illinois, for the thyrotropin 
used in this study. 
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TABLE 1. EFFECT OF REPEATED THERAPEUTIC DOSES OF I*! ON THYROIDAL UPTAKE 
AND TURNOVER IN EUTHYROID PATIENTS WITH ANGINA PECTORIS OR 
CONGESTIVE HEART FAILURE 


24-Hour thyroidal uptake Biologic half-life (BHL) 


2nd Dose 


lst Dose 


2nd Dose 


lst Dose 


Range Range} Avg. | Range| Avg. Range | Avg. 


% % 


Angina pectoris 17 | 16-53; 32 | 3-18; 10 | 5.3-8] 6 0.4-8.0; 2.1 
Congestive heart 
failure 


Avg. 


Days Days 


28-40 | 35 | 423] 13 | 4.3-8} 6.1 | 0.64.0} 1.5 


12 


Twelve patients with congestive heart failure were also studied (Table 
1). Eleven received doses of 16.5 to 31 millicuries of I*". One patient re- 
ceived 8 millicuries. The average uptake of the initial dose was 35 per cent 
(range 28 to 40) and that of the second dose was 13 per cent (range 4 to 
23). The BHL fell from a mean of 6.1 days (4.3 to 8.0) to 1.5 days (0.6 to 
4.0). 

The data (Table 2) in the 8 patients to whom TSH was administered are 
in striking contrast tc those just noted. In 4 instances (Cases 1-4) the 
thyrotropin was administered on the sixth and seventh days after the initial 
dose of I'*!, In this group the average thyroidal uptake following an initial 
dose of 14.6 to 15.4 millicuries was 32.8 per cent (range, 25 to 40); the BHL 
was 7.3 days (Table 2). The anticipated marked depression of I'*! uptake 
accompanied by a rapid turnover was not observed when TSH was ad- 
ministered before the second dose. The uptake of the second dose of 14.6 
to 16.8 millicuries averaged 43.8 per cent (range, 16 to 54) and the BHL 
averaged 6.9 days. In 3 of the 4 cases the 24-hour thyroidal uptake follow- 
ing the second dose was significantly greater than that following the first 
dose; the BHL was unchanged in 3 of the 4 patients and in the fourth it 
had decreased from 7.3 to 5.2 days. 

In the remaining 4 cases (Cases 5-8) TSH was injected prior to the 
second therapeutic doses of I'*! administered from fourteen to fifty-four 
days after the initial dose of I'*'. In 2 of the 4 (Cases 5 and 7) a striking 
increase in the thyroidal I'*! uptake, exceeding the uptake following the 
first dose of I'*! was induced by TSH. In Case 5, the uptake following TSH 
was 61 per cent, a level commonly observed in thyrotoxicosis. The data in 
Case 7 are of particular interest since this patient had received four thera- 
peutic doses of I'*! before TSH administration; marked depression of thy- 
roidal uptake to less than 10 per cent had been noted following each of the 
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TABLE 2 


24-Hour I['*! 
thyroidal 
uptake 
(%) 


Biologic 
half-life 
(days) 


Therapeutic 
dose of 
(me.) 


Days after 
initial dose 
of 


Comment 


25 
16 


2 doses TSH on days 
6 and 7 


40 
57 


2 doses TSH on days 
6 and 7 


36 
48 


2 doses TSH on days 
6 and 7 


30 
54 


2 doses TSH on days 
6 and 7 


24 
61 


2 doses TSH on days 
14 and 15 


37 
17 


2 doses TSH on days 
20 and 21 


3 doses TSH on days 
32, 33 and 34 


17 
10 


55 
56 


3 doses TSH on days 
52, 53 and 54 


last three doses. Nonetheless, following TSH administered on the thirty- 
second to the thirty-fourth day after the initial dose of I'*!, the uptake of 
a fifth dose (12 millicuries) was notably increased to 32 per cent. Case 8 
illustrates the response to TSH fifty-four days after 10 millicuries of I'*'. 
The 24-hour I"*! uptake of a 100-microcurie tracer on the fifty-first day was 
only 7 per cent. Following three doses daily of TSH the uptake of a second 
tracer dose was 17 per cent. Twenty-four hours later, a therapeutic dose 
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was administered; the I'*' uptake twenty-four hours after the dose, or 
forty-eight hours after the last TSH injection, was 10 per cent. Finally, in 
Case 6, it would appear that TSH was ineffective in reversing the altered 
thyroid function following I'*! irradiation. In this case, two therapeutic: 
doses of I'*! were administered, twenty-one days apart. Despite adminis- 
tration of TSH on the twentieth and twenty-first days, a decrease in 
uptake of the second therapeutic dose was observed. The 24-hour ['*! 
uptake was 17 per cent compared to 37 per cent following the first dose. 


DISCUSSION 


These data confirm our previous studies which showed that the adminis- 
tration of a therapeutic dose of I"! to euthyroid cardiac patients is followed 
by striking depression of thyroidal I*' uptake and a notable increase in 
the rate of turnover of subsequent doses administered as early as seven 
days after the first dose of I". The mechanism of this change is unknown. 
Since previously published data had shown that anatomic changes were 
not present at this interval, one week after administration of I'*', the 
alterations in I'*! uptake and turnover were considered functional. The ob- 
servations in Cases 1-4 which demonstrate the reversibility by TSH of 
the early changes induced by I support this view of their functional na- 
ture. 

Our data would further indicate that TSH remains capable of stimulat- 
ing ['*' uptake when administered as long as fifty-four days after a thera- 
peutic dose of I (Cases 5, 7 and 8).°The observations in 1 case were 
particularly illuminating. In Case 7, three doses of TSH were injected 
from the thirty-second to thirty-fourth days after the first of four doses 
of I" totalling 75.6 millicuries (Table 2). Following injection of TSH, a 
fifth therapeutic dose of 12 millicuries of I** was administered. The 24- 
hour thyroidal I'*' uptake was 32 per cent—more than the uptake of the 
initial dose. The influence of TSH in reversing the effect of I'*! irradiation 
is more clearly revealed by comparison with the low uptake which had 
been noted in this case following the administration of the second to fourth 
I'5! doses (Table 2). The reversal in uptake to normal was accompanied by 
a return of the BHL to normal (7.4 days). 

The*mechanism by which TSH reverses the depressed thyroidal I! 
uptake and the increased turnover usually observed after therapeutic doses 
of I'*' has not been established. Several possibilities are suggested. Previous 
data have revealed irregular distribution of I'*! in the thyroid gland (5, 6). 
Since the beta ray of I'*! travels only 2 to 3 mm. in tissue, follicles beyond 
this distance from a focus of radiation may be expected to remain intact. 
Moreover, follicles at the periphery of the gland, subjected to smaller doses 
of radiation, have also been found undamaged. Histologic examination 
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from the second to the eleventh week after therapeutic doses has demon- 
strated varying degrees of destruction of the normal thyroid architecture, 
but in each instance a few relatively normal follicles were observed and 
thyroid nodules remained intact (1). The present data are consistent with 
the hypothesis that such follicles, perhaps previously nonfunctioning, can 
be stimulated by TSH to concentrate I'*!. However, the possibility cannot 
be excluded that the initial effect of I" radiation, antedating any anatomic 
change, may be the inactivation of thyroid gland enzymes. On the other 
hand, at long intervals following the induction of myxedema by I'*! the 
thyroid gland has been found to be replaced by dense fibrous tissue. Such 
follicles as were seen were grossly abnormal. The effect of TSH has been 
studied in 1 such case. Myxedema had been induced by multiple doses of 
I'5! eighteen months previously. Three doses of TSH failed to increase 
thyroidal uptake. 

_ Our data are also consistent with an effect of TSH on small thyroid 
nodules which were clinically nondiscernible. Such functionally inactive 
nodules may be unaffected by I'*! radiation, although the surrounding tis- 
sue demonstrates striking pathologic changes (1) and might be expected 
to assume function following administration of TSH. However, 2 of the 
8 patients in this series were examined post mortem thirty-nine and 
seventy-six days after the initial dose of I'*! (Cases 1 and 8); no thyroid 
nodules were found. 

We have also considered the possibility that the early effects of I'* 
may be mediated by organs other than the thyroid, e.g., the pituitary and 
the adrenal. If an immediate effect of I'* radiation were the suppression 
of TSH production by the pituitary, exogenous TSH might be expected 
to increase I'*! uptake by the thyroid gland. No data are available to sup- 
port this hypothesis, although fragmentary observations have indicated 
significant I" uptake by the pituitary (5). Preliminary studies in our labo- 
ratory indicate no alteration of adrenocortical function in the first week 
after the administration of therapeutic doses of I'*! to euthyroid cardiac 
patients. 


SUMMARY 


1. The thyroidal I" uptake and turnover following multiple large doses 
_ of I‘! were studied in 29 euthyroid cardiac patients with angina pectoris 
or congestive heart failure. 

2. The uptake of a second therapeutic dose of I'*! administered seven or 
more days after an initial therapeutic dose was markedly diminished; the 
turnover rate of the second dose was significantly more rapid. 

3. The effect of thyrotropic hormone (TSH) on thyroidal uptake and 
turnover following multiple therapeutic doses of I'*! was studied in 8 
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patients with angina pectoris or congestive heart failure. In 7 of the 8 
patients the administration of TSH was associated with a reversal of the 
depressed I'* uptake and of the increased turnover usually observed 
after therapeutic doses of I". In 3 instances the thyroidal uptake after 
TSH was in contrast to the expected 10-13 per cent, within the range ob- 
served in thyrotoxicosis—54-61 per cent. 

4. TSH remained capable of stimulating I'*! uptake when administered 
as long as fifty-four days after the initial therapeutic dose of I’. It had 
no effect on the I'*! uptake in a patient in whom myxedema had been in- 
duced eighteen months previously. 
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Teaching Clinic 


UNRECOGNIZED POSTOPERATIVE 
-HYPOPARATHYROIDISM* 


HE lack of effective therapy for many diseases renders their recogni- 

tion of secondary importance but in the majority of instances of hor- 
monal deficiency the therapeutic results are so gratifying as to compel 
early diagnosis. This is particularly true of hypoparathyroidism, and con- 
sequently lack of recognition of this disorder is a serious oversight. Al- 
though emphasis has been placed on the fact that idiopathic hypopara- 
thyroidism may not be recognized (1), it is not so readily appreciated that 
secondary (postoperative) parathyroid insufficiency may also be over- 
looked. The 2 patients presented here demonstrate this occurrence, as well 
as numerous features which provide an opportunity to discuss the problem. 


Case #1: GUH #388731. A 46-year-old white woman was first admitted to Georgetown 
' University Hospital on March 17, 1952 for evaluation of ‘‘menopause and complica- 
tions.”’ The patient had been nervous, tense and anxious since early childhood. These 
symptoms became worse and were associated with weight loss, palpitation, dyspnea on 
exertion and choking spells when she was 17. At that time she was informed that her 
heart was enlarged and that there was an “internal goiter.’ Subtotal thyroidectomy 
was performed the following year with only slight improvement in symptoms, Because 
of continued nervousness and several more choking spells the patient underwent a 
second thyroidectomy at the age of 24. Subsequent to this operation she first noted epi- 
sodes of muscular cramps and stiffness, frequently associated with difficulty in breath- 
ing, tightness of the mouth, and spasm of the hands. These symptoms, as well as the 
severe nervousness and anxiety, were markedly aggravated at the time of her menses. 
At the age of 31 the patient was found to have a low basal metabolic rate and desic- 
cated thyroid was begun in a dosage of 4 grains daily. This dosage was later reduced to 
2 grains daily and continued for six years; it was then discontinued without any un- 
toward effects. Increasing premenstrual tension, headaches, hot flashes, nausea and 
drenching sweats led to the diagnosis of the menopausal syndrome when she was 32. 
Injections of estrogenic substance (Theelin—Parke Davis) were given for the next 
several years but the many symptoms, including mental confusion and dysmenorrhea, 
continued and restricted the patient to bed at the time of her menses. At the age of 34 
she began to have severe cramping diarrhea alternating with constipation. During these 
episodes she would experience sudden, excruciating general abdominal cramps and 
would writhe in pain on the floor, having associated difficulty in breathing and muscular 


* This material was taken from a discussion at the weekly Medical Grand Rounds at 
Georgetown University Hospital. 3 
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cramps. Arthritis was diagnosed at the age of 40. This appeared first in the left shoulder 
and then spread to both arms and legs. Symptoms were described as a muscular stiffness 
without inflammatory joint change. Treatment with sodium salicylate, iodine and 
colchicine gave little relief. 

When she was 43 years of age bilateral cataracts developed; they were diagnosed as 
senile cataracts and removed surgically. In the three years prior to her admission there 
was aggravation of all symptoms with increasingly frequent tetany and respiratory 

difficulty. These symptoms were of sufficient severity to restrict her to her home for 
weeks at a time with virtual physical and social invalidism. At the end of this three- 
year period menses became increasingly irregular and the patient was referred for diag- 
nostic study. 

Physical examination showed an obese white woman with both Chvostek’s and 
Trousseau’s signs. The eyes showed bilateral aphakia and residual lens capsule and iri- 
dectomy scars secondary to cataract removal. A thyroid scar was present but there was 
no evidence of myxedema. The heart, lungs and abdomen were essentially normal. There 
was no evidence of inflammatory or degenerative joint disease, although the patient 
walked with the aid of a cane, complaining of marked stiffness and some pain in the left 
knee. 

Psychiatric evaluation was as follows: “Hysterical reaction, chronic and severe, as 
manifested by chronic anxiousness, feelings of insecurity, hypochondriacal preoccupa- 
tion, depressive trends, inner tensions, schizoid traits, sadomasochistic behavior patterns, 
unconscious guilt feelings, passive-dependent personality, sexual conflicts and emotional 
instability.” 

Laboratory studies revealed the following concentrations per 100 ml. of serum: cal- 
cium 6.0 mg., phosphorus 5.6 mg., alkaline phosphatase 5.5 Bodanksy units, and total 
proteins were 7.5 Gm. The NPN and cholesterol levels were normal, as were hemograms 
and the results of routine urinalyses. There was a negative reaction to the Sulkowitch 
test for calcium in urine. X-ray examination of the chest, skull and genito-urinary tract 
revealed no abnormalities. The electroencephalogram was characterized by regular, 
rapid waves (12-14 cps) interrupted by sporadic slow waves in all regions of the brain. 
Hyperventilation had no effect, except for brief slowing of the rate to 10 eps. 

The patient was treated with vitamin D2, 200,000 units daily, and calcium lactate, 3 
teaspoonfuls daily. There was a return of serum calcium and phosphorus values to 
normal and the mild tetany and parathesias ceased. Joint symptoms cleared rapidly 
and use of a cane was discontinued. The neurotic and psychosomatic symptoms, which 
had obscured the correct diagnosis for so many years, were much improved and the 
patient again became physically and socially active. Several months later vitamin D 
therapy was withdrawn for a brief period of study. This was followed by the appear- 
ance of chronic tetany, nervousness and mental confusion—again most severe at the 
time of her menstrual period. 

Summary: This 46-year-old woman appears to have had postoperative hypopara- 
thyroidism for twenty-two years. Her clinical picture typifies the variegated, psycho- 
somatic pattern seen in this disease, probably grafted onto a large amount of basic 
anxiety. Despite the history of thyroidectomy and numerous symptoms which could 
be attributed to hypocalcemia, no attention was paid to the development of cataracts 
which became clinically apparent nineteen years following her second thyroidectomy. 
When she was admitted for diagnostic study the history of cataracts and the 
presence of a thyroid scar were immediately suggestive of the diagnosis, and careful re- 
view of the patient’s history made it quite probable that most of her symptoms could be 
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related to chronic hypocalcemia. This was confirmed by the gratifying response to 
therapy. During this period the patient had been under the care of at least 21 physicians, 
including general practitioners, internists, general surgeons, orthopedic surgeons, gyne- 
cologists and ophthalmologists. She had been hospitalized approximately twenty times 
and had undergone sixteen separate operations. 


Case #2: GUH #82220. A 64-year-old white woman was admitted to Georgetown 
University Hospital in October 1953 with the chief complaint of ‘periods of uncon- 
sciousness”’ occurring at widely spaced intervals since 1932. 

In 1929 the patient had symptoms consisting of nervousness, weight loss, tachycardia, 
heat intolerance and excessive sweating, which led to the diagnosis of toxic nodular 
goiter and a subsequent subtotal thyroidectomy. She was improved for a time following 
operation but recurrence of symptoms the following year led to a second resection of 
the thyroid gland. A second recurrence of symptoms of thyrotoxicosis necessitated a 
third operation in 1932, at which time there was said to have been total ablation of the 
thyroid gland. Following this operation she gained 60 pounds and the symptoms of © 
thyrotoxicosis were completely alleviated. The patient was started on desiccated thyroid, 
1 to 3 grains daily, which dosage she continued without interruption until 1949. 

In 1938 she began to have episodes of ‘“‘blacking out.” These attacks were very in- 
frequent, occurring at widely spaced intervals until 1946, after which time they in- 
creased in frequency to approximately three or four times a year. These episodes had 
taken at least two forms. On some occasions there were varying periods of unconscious- 
ness, occasionally accompanied by urinary incontinence, jerky clonic movements of the 
fingers, tongue injury and trismus. Other attacks were described as a trance-like state 
_ with feelings of marked unreality which lasted for several hours. None of these attacks 
manifested any particular periodicity but did occur more frequently at rest and often in 
association with emotional upsets. Her last episode had occurred approximately seven 
months prior to this admission. 

In 1940, eight years following the last thyroidectomy, the patient was found to have well 
developed bilateral cataracts, and right iridectomy was performed. Four years prior to the 
present study she was given a single dose of parathyroid extract. This was followed by a 
severe convulsive seizure with a period of unconsciousness lasting approximately twelve 
hours, and thus no further medication was given. The remainder of her past history was 
essentially noncontributory; there was no history of dry skin, hair loss, parasthesias, 
cramps, bone pain or gastro-intestinal dysfunction. 

Physical examination revealed a normally developed, well nourished white woman. 
The blood pressure was 140/70 in each arm; the pulse was regular, with a rate of 92. 
The skin was clear but moderately coarse. The right eye showed an irregular iris and the 
funduscopic examination showed minimal tortuosity of the vessels with no papilledema. 
The left lens was completely opaque and the vision was reduced to light appreciation in 
that eye. The neck showed the scars of the previous thyroidectomies. There were slight 
osteoarthritic changes in the fingers and moderate superficial varicosities of the lower 
extremities. Deep tendon reflexes and vibratory sense were diminished in the lower ex- 
tremities but no abnormal reflexes were elicited. There was no Chvostek’s sign but 
Trousseau’s sign was present. There was no clinical evidence of hypothyroidism. 

The serum calcium level was 8.8 mg. per 100 ml., phosphorus 5.3 mg., BUN 15 mg., 
and total protein 7.2 Gm. per 100 ml. The hemogram and the results of repeated urinal- 
yses were normal. The urinary Sulkowitch test for calcium gave a negative reaction. The 
BMR was —3 per cent, Roentgenograms of the chest, skull and bones showed no ab- 
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normalities. An electroencephalogram showed a diffusely abnormal] rhythm, paroxysmal 
in nature and accentuated by hyperventilation. No definite focal abnormality was 


demonstrated. 
The patient was started on vitamin D, and calcium gluconate by mouth, and a regular 


milk-free diet. After two weeks on this regimen, the concentration of serum calcium was 
9.6 mg. and of phosphorus, 5 mg. per 100 ml. The results of the Sulkowitch test on 
urine ranged between 1+ and 2+ at this time. 

Summary: This elderly white woman appears to have had chronic postoperative 
parathyroid deficiency dating from a third thyroidectomy twenty-one years previously. 
Her symptomatology was mainly referable to the central nervous system. Bilateral 
cataracts were clinically apparent when she was 51 years of age, eight years after the 
third thyroidectomy. It would appear that parathyroid deficiency may have been con- 
sidered on one occasion when a single injection of parathyroid hormone was admin- 
istered. Clinical manifestations of tetany were completely absent. In view of this fact 
and the blood mineral values, it is possible that there existed some residual parathyroid 


function. 
DISCUSSION 


The mechanism of action of parathyroid hormone is a subject of con- 
tinuing controversy and investigation but, for practical purposes of recog- 
nition of parathyroid deficiency, identification of its pathologic physiology 
is not imperative. Irrespective of cause, the end result is a definite decrease 
in concentration of serum calcium and, more important from a diagnostic 
viewpoint, elevation of the level of serum phosphorus. The latter ordinarily 
exceeds 7 mg. per 100 ml. in children, but in the adult patient with para- 
thyroid deficiency the serum phosphorus concentration is often between 
5 and 6 mg. per 100 ml. Other hypocalcemic disorders, such as malacic 
bone disease, demonstrate a normal or reduced concentration of serum 
phosphorus, and thus are readily differentiated from hypoparathyroidism. 
Patients with severe renal insufficiency may show levels of serum calcium 
and phosphorus consistent with those occurring in parathyroid deficiency; 
thus, although serum calcium is rarely depressed in proportion to the ele- 
vation of serum phosphorus, kidney disease should be ruled out before a 
diagnosis of hypoparathyroidism is made. Although the renal threshold for 
calcium varies in different patients, and perhaps in the same patient at 
different times, most of those with parathyroid deficiency and serum cal- 
cium levels below 7 or 8 mg. per 100 ml. excrete very small amounts of 
calcium in the urine. Thus, the Sulkowitch test (buffered oxalate added 
to urine gives a white precipitate in the presence of calcium) ordinarily 
gives negative results, and provides a simple diagnostic test for severe 
hypocalcemia (2). 

Most instances of postoperative hypoparathyroidism result from in- 
advertent removal of parathyroid tissue at the time of subtotal thyroid- 
ectomy. Further attempts at removal of thyroid tissue for recurrent hyper- 
thyroidism are especially prone to result in loss of parathyroid tissue, as 
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in the cases reported here. Surgical treatment of cancer of the thyroid 
may have similar sequelae; and rarely parathyroid tissue may be sacrificed 
during operative procedures for hyperparathyroidism. Postoperative 
symptoms of hypoparathyroidism frequently are transient, presumably 
because the parathyroid hypofunction is only temporary, on the basis of 
either interference with the vascular supply or loss of a portion of the 
parathyroid tissue. 

The clinical features of hypoparathyroidism may be referred to three 
major systems, 7.e., neuromuscular, central nervous, and ectodermal. Al- 
though the neuromuscular symptoms constitute the more classic mani- 
festations of the disease and the ectodermal symptoms may focus attention 
on the disorder, central nervous system symptoms lead to the greatest 
problem in differential diagnosis. 

Tetany is frequently considered to be the prominent manifestation, but 
tetanic equivalents such as parasthesias, cramps, muscular spasm, laryn- 
geal spasm, and even gastro-intestinal cramps, are more frequently the 
presenting complaints. Tetany is especially prominent in the early phase 
of hormonal deprivation, presumably before the body adjusts itself to 
the lowered calcium level. In almost all instances of hypocalcemia height- 
ened neuromuscular excitability may be demonstrated by carpal spasm 
following constriction of the upper arm (Trousseau’s sign), or by a sharp 
contraction of the facial muscles resulting from a tap over the facial nerve 
in front of the ear (Chvostek’s sign). Trousseau’s sign rarely occurs in nor- . 
mal persons, but lesser degrees of contraction of the muscles of the mouth 
may follow facial nerve stimulation in many normal adults. However, as 
pointed out by Albright, contraction of the muscles of the alae nasi and 
especially of the eyelids, rarely occurs except in severe hypocalcemia (3). 
The heightened sensitivity of the hypocalcemic patient to alkalosis offers 
an additional diagnostic test in the sense that tetanic manifestations may 
follow a minimal amount of hyperventilation. Although not pathognomonic 
of hypoparathyroidism, or even of hypocalcemia, delay in intraventricular 
conduction is frequently manifest in the form of prolongation of the Q-T 
interval of the electrocardiogram. ° 

The central nervous system manifestations of hypoparathyroidism may 
be considered under four categories. The most impressive of these are 
seizures which may be typical grand mal convulsions. More often, however, 
the seizures of hypoparathyroidism differ from classic grand mal epilepsy 
in several ways (4). They often occur without warning, are not accompanied 
by incontinence or by tongue-biting, and the patient is free of postconvul- 
sive confusion. Aura, when it occurs, is usually manifest by parathesias 
or muscular twitching. Another type of seizure may take the form of tonic 
tigidity accompanied by varying degrees of mental awareness, from com- 
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plete consciousness through feelings of unreality to deep sleep. Both types 
of neurologic involvement were seen in Case 2. The electroencephalogram 
demonstrates no diagnostic pattern in hypoparathyroidism. The most 
striking abnormality is usually the occurrence of slow waves (2-6 cps), 
either singly or in bursts, aggravated in some cases by hyperventilation 
and tending to disappear with restoration of normal blood calcium and 
phosphorus levels (5). Although it is possible that hypoparathyroidism 
merely precipitates seizures in susceptible patients, these manifestations 
are ordinarily completely eliminated following adequate therapy. In any 
patient with syncopal or epileptiform attacks, hypoparathyroidism must 
be considered even in the absence of tetany or tetanic equivalents. 

Mental changes may be equally severe, ranging from neurotic symptoms 
to frank psychoses. The latter usually resemble toxic delirium with delu- 
sions and hallucinations (6). Neurotic traits include apathy, depression, 
fatigue, nervousness, irritability, excitement, loquaciousness, eroticism, 
anxiety and fear. These symptoms and a host of others, suggesting psycho- 
somatic origin in a number of organic systems, may divert the physician 
from serious consideration of organic disease—a situation typified in Case 
1. Here again, gratifying improvement follows treatment. Another point 
worthy of considerable emphasis is the observation, in both the human and 
the experimentally parathyroidectomized animal, that a marked increase 
in the severity of symptoms may be associated with menses (7, 8). This 
occurrence was particularly striking in our Case 1. 

A third central nervous system manifestation of hypoparathyroidism 
consists of papilledema, usually associated with increased intracranial 
pressure and visual impairment (9). Although rare, this complication is 
of distinct diagnostic importance, because the picture it presents, especially 
when accompanied by epilepsy, may closely resemble that seen with brain 
tumors or other expanding intracranial lesions. 

Hypoparathyroidism may also produce cerebral calcification, obvious by 
x-ray examination as punctate or conglomerate densities, usually concen- 
trated bilaterally in the basal ganglia (10). This finding is not limited to 
hypoparathyroidism. Similar calcification may be associated with encepha- 
litis, tuberous sclerosis, toxoplasmosis and carbon monoxide poisoning. 
These areas of calcification, ordinarily readily differentiated from those 
which occur in the choroid plexus by their more anterior location, may 
also appear without any obvious cause. 

The ectodermal manifestations of parathyroid deficiency progress slowly 
and thus are seen only in chronic hypoparathyroidism. Of these, cataracts 
are by far the most important; their occurrence often arouses suspicion 
as to the presence of hypoparathyroidism. It is important to appreciate 
the long latent period between the onset of parathyroid deficiency and the 
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appearance of cataracts, for this period may range from as little as several 
months to as long as twenty years. It is, therefore, apparent that hypo- 
parathyroidism must be ruled out in any young patient in whom cata- 
racts develop. It is equally imperative to consider this diagnosis in all pa- 
tients who have undergone thyroid surgery. Other ectodermal changes 
are ordinarily less striking in postoperative parathyroid deficiency than 
in the idiopathic variety of this disease. Thinning of the hair, or even hair 
loss, may be seen. Various types of skin disease with vesicles, bullae or 
eczematoid eruptions have been described. The nails are often extremely 
brittle and may show transverse ridges. 

From this brief review of the more frequent clinical features, it would 
seem that hypoparathyroidism may result in a diversity of defects which 
should stimulate further diagnostic procedures, However, it is equally 
obvious from cases of idiopathic hypoparathyroidism reported in the 
literature and from the cases of postoperative deficiency reported here, 
that suspicion remains dormant even when classic features of the disease 
are apparent. The problem is, therefore, to prevent such an omission. First, 
the point must be made that hypoparathyroidism is not a rare condition 
but one that will be encountered by nearly every practicing physician. 
Secondly, it must be re-emphasized that not all patients with this disorder 
present the classic tetanic manifestations which we are taught to expect. 
‘Many show only minor tetanic symptoms, which may be ignored until 
the occurrence of failing vision or epilepsy demands more careful scrutiny. 
Furthermore, the only symptomatology may be the variegated nervous 
and mental manifestations which are not readily associated with hypocal- 
cemia. Thirdly, the natural history of surgically induced parathyroid de- 
ficiency is one that leads to confusion. Most of the patients who show tetany 
immediately following subtotal thyroidectomy have a spontaneous re- 
mission, probably as the result of restoration of parathyroid function, 
associated with either return of vascularity or regeneration of deranged 
parathyroid tissue. The remaining patients have persistent hypocalcemia, 
which varies in degree. In some of these individuals administration of 
calcium may alleviate tetany without completely correcting the mineral 
abnormality; in others the tetanic manifestations may be minimal and 
therefore not require treatment. Thus, as years pass, there may be gradual 
development of such trophic changes as cataracts; or withdrawal of calcium 
therapy may result in the occurrence of neurologic symptoms at a time 
when the previous operation has been forgotten. It is possible that patients 
who are believed to have undergone spontaneous remission of postopera- 
tive tetany may in actuality have merely become acclimated to the per- 
sistent hypocalcemia and may later demonstrate the more insidious, but 
none the less severe, complications of chronic hypocalcemia. 
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Although the recognition of any disease is primarily dependent upon 
thorough knowledge of its history and manifestations, this knowledge is 
difficult to attain and almost impossible to maintain in the case of the less 
frequent disorders. There are, however, a number of situations which 
compel consideration of the diagnosis of hypoparathyroidism and indicate 
the need for at least one measurement of the level of blood phosphorus, 
blood calcium and urinary calcium, regardless of whether or not there has 
been previous thyroid surgery. These may be listed: 


1. Tetany or tetanic manifestations. 

2. Appearance of cataracts before the age of 45. 

3. Epileptic manifestations. 

4. Calcification of the basal ganglia. 

5. Increased intracranial pressure with papilledema. 
6. Chronic skin disease. 

7. Hyperventilation syndrome. 


If the patient has a thyroid scar, serious consideration should be given 
to the possibility of hypoparathyroidism 1) upon the appearance of cata- 
racts at any age, 2) in instances of psychosis with various neurotic manifes- 
tations and 3) upon the occurrence of any muscle or joint symptoms which 
may be attributed to muscle spasm. In other words, irrespective of the 
lack of specificity of the symptomatology involved, hypoparathyroidism 
should be considered in any patient who has had a thyroid operation. Uni- 
form appreciation of this fact should be most gratifying to physician and 
patient alike. 

LauRENCE H. Kyte, M.D. 
Marcus Scuaar, M.D. 
Ricuarp J. Meyer, M.D. 
The Department of Medicine, 
Georgetown University 
School of Medicine, 
Washington, D. C. 
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Editorial 


EDUCATION FOR RESEARCH 


To THE EpiTor: 


Education for a research career has remained haphazard in many of our 
graduate and medical schools. The student is expected to learn the princi- 
ples of research by reading and doing, but there is little formal or planned 
effort to teach these principles. The student who has had the good fortune 
to come under the guidance of an A. J. Carlson has heard trenchant dis- 
cussions of these matters, but many researchers live, work and die without 
gaining an appreciation of how difficult it is to prove a fact. Ineffectiveness 
in laboratory and clinical research represents an enormous waste of re- 
search funds and effort. 

Twenty-five years ago, Carlson (1) wrote: “Students may complete 
their education without having to solve problems where the answer is not 
known.” This is true of many institutions of higher learning today but 
happily there is a growing practice of permitting advanced undergraduate 
and medical students to carry out research investigations. 

A down-to-earth book is needed which should include a discussion of 
the philosophy of research, its principles, the meanings of such factors as 
“chance,” “‘probability,” and “‘randomization,’’ the parameters of biology, 
the design and expedition of controlled research and the limitations of the 
mind. 

The most important and complex instrument employed in research is 
man himself. The investigator should appreciate the limitations in sensory 
range and conceptual span, the importance of suggestion in shaping atti- 
tudes and beliefs and the limitations of verbal report. Suggestion can affect 
the perception, concepts and behavior of the experimenter or the physician. 
The effect of suggestion upon the subjective feelings, verbal report and 
behavior of patients is the basis for the success of the witch doctor and 
medicine man, of all forms of past and present-day charlatanry and of 
nostrums. Herein is a challenge to the clinical investigator to determine 
the true basis for the clinical response of his patients, and to the manu- 
facturer of pharmaceuticals to subject new drugs to carefully controlled 
clinical testing before they are advertised to have therapeutic value. It is 
encouraging to find clinical scientists associated with industry advocating 
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the use of the blind placebo in the field of experimental therapeutics (2, 3). 
Such considerations should be set before the student. 

The principles and methods of research and the psychology of the in- 
vestigator could be taught as a formal course or, perhaps better, as a 
seminar; or their teaching could be incorporated into the laboratory 
courses. Some experimentation would be required to work out optimal 
procedures. Students should be expected to acquaint themselves with the 
lives of great scientists and physicians. Some of the most inspirational 
writings are biographical. In addition to the writings of great scientists, 
there should be a systematic effort to record their best lectures and labora- 
tory demonstrations on film so that their influence upon young men could 
be extended and preserved. 

Also needed is research upon the researcher. What native and acquired 
attributes contribute to the success of the investigator? How can one best 
select. the young man who could become a Zinsser or a Reichstein? Had 
Banting come to your door as an unknown young man with a plan, would 
the door have opened to him? What kind of a teacher best motivates and 
inspires his students to enter research? Some humble unknown men in 
small impoverished colleges have remarkable records of inspiring their 
students to successful careers in science. 

If men can be taught to follow and emulate false prophets, if they can be 
~ made to sacrifice their lives for false doctrines and ideals they can also, 
among free people, be inspired to seek new truths and can be taught the 
techniques and attitudes which are appropriate for the discovery of truths. 

_Dwieut J. Pa.D. 
The Ben May Laboratory 
for Cancer Research, 
The University of Chicago, 
Chicago, Illinois 
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Questions and Answers 


(Questions submitted at the 1953 Postgraduate Assembly of the Endocrine Society 
and the University of Minnesota) 


Answers by John E. Howard, Johns Hopkins Hospital, Baltimore, Md. 


Question: In the benign adrenal tumor associated with Cushing’s syndrome, have you 
found any evidence of increased chromaffin tissue which might cause symptoms of pheo- 


chromocytoma? 


Answer: In the few cases of Cushing’s syndrome caused by adrenocortical tumor that 
we have seen, there has been no evidence of increased chromaffin tissue. The definition 
of Cushing’s syndrome is not easy. How many of the signs and symptoms described by 
Cushing are necessary before one calls it Cushing’s syndrome and hence implicates the 
adrenals? Neff, Tice, Walker and Ockerblad reported a female child of 16 months, who 
showed sexual precocity, hirsutism and hypertension with a pheochromocytoma. There 
was a return to normalcy after the removal of the pheochromocytoma. In this instance 
it appeared as though the usual manifestations of hyperadrenocorticism resulted from a 


tumor of purely medullary origin. 


QueEstIoN: Do you believe estrogen inhibits pituitary growth hormone? Some investiga- 
tors say there is no interrelationship; others state that inhibition occurs; and still others 
say the two are synergistic. 

Answer: The evidence is good that in some instances of eosinophilic tumors of the 
hypophysis, estrogen therapy reduces the hormonal output of the tumor (growth hor- 
mone). Estrogens seem also to act vigorously toward closure of the epiphyses; hence in 
preadolescence they tend to prevent growth in height. 


Question: What is the incidence of hyperparathyroidism in children? 


Answer: Very low; but cases have been reported. 


Question: Is there any way to protect the hypoparathyroid patient who has been over- 
treated with vitamin D? 


Answer: The only measures we have been able to devise rationally so far have been: 


1. Stop the vitamin D. 
2. Give the patient a diet as low in calcium as is consistent with palatability, because 


vitamin D increases the calcium absorption and D-poisoned animals have a far 
greater degree of hypercalcemia and hypercalciuria if given a high calcium diet 
than if given a low calcium diet. 

3. Force fluids, even to nocturia, in order to reduce the likelihood of formation of 


renal stones. 


Vitamin D is a cumulative drug and it may take months for the high level of blood cal- 
cium to return ‘to normal, for the renal function to be restored, and for vicarious cal- 
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cifications (such as in the conjunctiva and skin) to resorb. But it is surprising how many 
of these pathologic manifestations eventually disappear or improve markedly. 


QuEsTION: Please discuss whether or not there is danger in giving calcium salts intra- 
venously to a patient who is taking digitalis. 


Answer: Hypercalcemia, especially of high degree, is dangerous to a person receiving 
full doses of digitalis. One would not be likely to give calcium salts intravenously, how- 
ever, unless the patient were hypocalcemic. Under these conditions the serum calcium 
would not be raised to hypercalcemic levels unless the injection were given very rapidly 
or in injudiciously high concentration. 


Question: Is the effect of oral calcium chloride on tetany due to the action of the cal- 
cium or due to a chloride acidosis? 


Answer: I believe it is due to both. Calcium chloride is readily absorbed and contains 
a high proportion of calcium (40 per cent compared with 12 per cent for lactate and 10 
per cent for gluconate). It is also a strong acidifying agent—almost as much so as is 


ammonium chloride. This_is why calcium chloride is so much more effective as an anti- 
tetanic agent given orally than are gluconate, lactate or carbonate. 


Answers by A. Albert, Mayo Clinic, Rochester, Minn. 


Question: A patient thought to have hypothyroidism has been taking desiccated thy- 
roid in dosages of from 1} to 4 grains for fifteen years. How long should thyroid be 
omitted before I'*! and PBI studies are dependable? 


ANSWER: About two to three months. 


QuestI0Nn: Do you believe there is a single ACTH, in both chemical and biologic senses? 


Answer: In a biologic sense, I believe there is a single ACTH for the regulation of 
adrenocortical function. I do not think that the evidence for the existence of several 
corticotropins for the several different measurable aspects of cortical function is suffi- 
ciently secure. In a strict chemical sense, there may be several corticotropins, since the 
presence or absence of an atom or group by definition means a different chemical com- 
pound. Certainly, corticotropins A and B are different substances chemically, but it re- 
mains to be determined what minimal composition these preparations can have without 
impairment of physiologic activity. For example, thyroxine and thyroxine polypeptide 
are distinct chemical substances, yet their biologic effect appears to be identical, due to 
the common denominator, thyroxine. 


Answer by Sidney C. Werner, College of Physicians & Surgeons, 
Columbia Univ., New York, N. Y. 


Question: Should all nodular goiters be removed in order to prevent cancer? 


Answer: The question as to whether all nodular goiters should be removed in order to 
prevent cancer cannot be answered categorically. There is disagreement not only between 
workers in the field, but often even between workers in the same clinic. 

The crux of the disagreement arises from the fact that there is a 3 to 6 per cent in- 
cidence of malignancy in multinodular goiters removed at operation, whereas the inci- 
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dence is 1 per cent or less in multinodular goiters found at autopsy (1). Moreover, all 
series show a “physiologic” trend towards nodule formation with advancing age. 

The reason people are operated upon is often because of the awareness of recent 
growth of the gland or because of change in its character. Such people should unques- 
tionably be subjected to surgery. However, this tends to introduce an element of selection 
in the operative series compared with the general population series and tends to weight 
the operative group towards cancer. 

If a single nodule is found upon clinical exainination (admitting that it may prove to 
be multinodular at operation), surgery should be advised, especially in children or young 
adults in whom benign nontoxic nodules are extremely rare. There is little disagreement 
that the incidence of malignancy in this group is higher than usual and approaches 10 to 
20 per cent in operative cases. The incidence of malignancy has not been well estab- 
lished in autopsy cases. 

All in all, in the writer’s estimation, the evidence is not in favor of the policy of 
routine operation upon every patient with a nodular goiter, in view of the fact that the 
likelihood of removing a neoplasm is, at most, 1 per cent. 


1. Hazard, J. B., and Kaufman, N.: Survey of thyroid glands obtained at autopsy in a 
so-called goiter area, Am. J. Clin. Path. 22: 860, 1952. 


Answers by Paul Starr, Univ. of Southern California, Los Angeles, Calif. 


Question: What effect, if any, does the prolonged treatment of asthma with potassium 
iodide have on the thyroid? 


Answer: The prolonged use of potassium iodide affects only the storage of iodide in the 
thyroid; it does not increase or decrease the production of thyroid hormone, Chaikoff’s 
studies notwithstanding. Administration of KI does, however, directly influence I'* 
uptake studies, because of this storage effect.and the dilution of the total iodide space. 
The I'* uptake is obscured and hence the results are not useful for diagnosis. In addition, 
the serum protein-bound iodine level is difficult to determine correctly. There need be 
no fear of causing either hypothyroidism or hyperthyroidism with this medication. 


QuEsTION: Please discuss the present-day treatment of thyroid storm. 


Answer: The chief indication in the treatment of thyroid storm is the control of body 
temperature, which should be accomplished by continuous intravenous infusion of 
glucose and saline solutions, artificial cooling of the surface of the body by sponging and 
air blasts (icing is contraindicated) and by lowering the temperature of the room. The 
body temperature should be taken every thirty minutes, as excessive chilling is easily 
possible under such circumstances, i.e., complete loss of the capacity for thermal equili- 
bration. Oxygen should also be administered and 1 gram of sodium iodide added to the 
intravenous infusions. There is no satisfactory evidence that adrenocortical hormones 
are necessary to suppress the thyroid overactivity, but if a state of shock occurs, cortisone 
should be administered. 


Question: What is the metabolic defect that causes creatinuria in chronic thyrotoxic 
myopathy? Does the same defect cause creatinuria in periodic paralysis? 


Answer: In hyperthyroidism the chemical alteration in muscle that leads to excessive 
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weakness is sometimes merely due to protein deficiency resulting from the excessive 
metabolism of amino acids. At other times there is a block of the creatine-phosphate 
pathway, with resulting creatinuria. In the latter cases prostigmine is beneficial; thus 
it would appear that many of these cases closely resemble, or may actually be, myas- 
thenia gravis. The chemical derangement in periodic paralysis is one of potassium defi- 
ciency, which is not related to creatine metabolism. 


The Endocrine Society 


THE 1954 ANNUAL MEETING 


The Thirty-sixth Annual Meeting of The Endocrine Society will be held 
in the Sir Francis Drake Hotel, San Francisco, California, Thursday, 
Friday and Saturday, June 17-18-19, 1954. 

Dr. Roberto F. Escamilla, 655 Sutter Street, San Francisco, California, 
in in charge of the local arrangements for the meeting. 

All Scientific Sessions will be held in the Sir Francis Drake Hotel. The 
rooms in which each session will be held will be announced in the program 
and on the hotel bulletin board. The annual dinner is scheduled for Friday, 
June 18, at 7:30 p.M., preceded by cocktails at 6:30 p.m. 

Hotel reservations may be made through the San Francisco Convention 
and Visitors’ Bureau, Room 300, Civic Auditorium, San Francisco, Cali- 
fornia. They should be accompanied by the official application form which 
has appeared weekly in the J.A.M.A. since December 1953. 

Arrangements have been made for members of this society who do not 
belong to the AMA to be assigned rooms during the days of the meeting 
of the Endocrine Society. Applications from nonmembers of the AMA 
should specify dates of arrival and departure and be accompanied by a 
deposit of $10.00 per room. 

Confirmations will not be sent until after February 1, 1954, but applica- 
tions should be made prompily in order to insure the reservation. 


(For program, see April issue of the Journal.) 


THE LAURENTIAN HORMONE CONFERENCE 


The Laurentian Hormone Conference of the AAAS will hold its 1954 
annual meeting at Mont Tremblant Lodge, Mont Tremblant, Quebec, dur- 
ing the period September 5-10. Interested investigators and specialists in 
the hormone field may apply for attendance by writing to the Committee 
on Arrangements, 222 Maple Avenue, Shrewsbury, Massachusetts, for 
application blanks. Since accommodations at the hotel necessarily limit 
the attendance, only those persons submitting applications can be con- 
sidered. The application blanks must be received by the Committee no 
later than May 24 in order to insure issuance of invitations as soon as 
possible thereafter. 
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The following program has been arranged: 


ITI. 


IV. 


Il. 


VI. 


Prirurrary HoRMONES 
Aspects of the biochemistry and physiology of neurohypophysial hormones. 
Dr. H. B. van Dyke, Columbia University, College of Physicians and Surgeons 
The fate and metabolism of anterior pituitary hormones. 
Dr. Martin Sonenberg, Sloan-Kettering Institute for Cancer Research 
The mechanism of stimulation of ACTH secretion. 
Drs. P. Munson and N. F. Briggs, Harvard School of Dental Medicine 
Pharmacological alteration of adrenocortical function. 
Drs. R. Hertz, W. W. Tullner, J. A. Schricker, F. G. Dhyse and L. F. Hallman, 
National Cancer Institute, Maryland 
Srrroi CHEMISTRY AND BIOCHEMISTRY 
The use of microorganisms in the synthesis of steroid hormones and hormone 
analogues. 
Drs. J. Fried, R. W. Thoma, D. Perlman, J. E. Herz and A. Borman, The Squibb 
Institute for Medical Research 
Some recent advances in the methods of isolation and the physiology and chemistry 
of electrocortin. 
Drs. 8. A. Simpson and J. F. Tait, Courtauld Institute of Biochemistry, Medical 
School, London 
HorMONES AND ABNORMAL GROWTH 
Experimental pituitary tumors—their induction mechanism and hormonal secre- 
tions. 
Dr. Jacob Furth, Biology Division, Oak Ridge National Laboratory, Tennessee 
The endocrinology of neo-plastic growth. 
Dr. Rulon W. Rawson, Sloan-Kettering Institute for Cancer Research 
HorMONES AND AGING IN MAN 
Some observations on hormones and phenomena of aging in man and woman. 
Dr. Earl T. Engle, Columbia University, College of Physicians and Surgeons 
Studies of steroid metabolism in men and women of various ages. 
Drs. G. Pincus, R. Dorfman, L. P. Romanoff, B. Rubin and E. Bloch, Worcester 


Foundation for Experimental Biology 


. THe MECHANISM OF HorRMONE ACTION 


On the mechanism of action of insulin. 
Drs. R. Levine and M. 8. Goldstein, Michael Reese Hospital, Illinois. 

Effects of ions and hormones on carbohydrate metabolism. 
Drs. B. Hastings, C. T. Teng and A. E. Renold, Medical School, Harvard Uni- 
versity 

HorMoNE-CARDIOVASCULAR INTERRELATIONSHIPS 

Endocrine factors in experimental atherogenesis and blood pressure regulation. 
Drs. L. Katz, J. Stamler and R. Pick, Michael Reese Hospital, Illinois 

Present status of the VEM-VDM (Ferritin) systems in relation to circulatory 

homeostasis. 
Drs. E. Shorr, A. Mazur and 8. Baez, Department of Medicine, Cornell Uni- 
versity Medical College and the New York Hospital 
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HARVARD MEDICAL SCHOOL 


A three-day intensive course on Endocrine and Related Metabolic Dis- 
orders in Children and Adolescents is being offered by the Department of 
Pediatrics, Harvard Medical School, at the Massachusetts General Hosp- 
tal, June 23 through June 25, 1954. Those interested should write ‘‘Courses 
for Graduates, Harvard Medical School, 25 Shattuck Street, Boston, 
Massachusetts.” 


THE AMERICAN SOCIETY FOR THE STUDY 
OF STERILITY 


The American Society for the Study of Sterility will hold its 1954 con- 
vention at the St. Francis Hotel, San Francisco, on Friday, Saturday and 
Sunday, June 18, 19 and 20, immediately preceding the American Medical 
Association meeting. The papers and the panel discussions will be particu- 
larly outstanding this year and will cover a wide range of subjects relating 
to fertility and sterility in both sexes. 

The meetings are open to all physicians interested in this field. The 
registration fee for non-members is $10. (Medical students, interns and 


- residents may register without charge.) Registration should be made in 
‘i advance by communicating with Herbert H. Thomas, M.D., Secretary, 
- American Society for the Study of Sterility, 920 South 19th Street, 
Birmingham, Alabama. 
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